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ABSTRACT 

Gastric  hypersecretion  following  massive  small  intestinal 
resection  is  a  well-established  phenomenon.  Although  it  is 
generally  believed  to  be  caused  by  mechanisms  involving  either 
increased  stimulation  or  decreased  inhibition  of  gastric  acid 
secretion,  the  actual  underlying  factor  of  this  hypersecretion 
has  yet  to  be  fully  explained. 

Gastric  hypersecretion  was  studied  in  enterectomised 
dogs  with  Heidenhain  pouches.  The  experimental  animals  were 
divided  into  three  groups,  each  subjected  to  a  different  order 
of  operative  procedures,  namely:  enterectomy,  antrectomy, 
thoracic  duct  cannulation  with  lymph  diversion  and  reinfusion. 

At  the  same  time,  the  possibility  of  the  loss  of  inhibitor (s) 
and  the  gain  of  gastric  secretogogue (s)  was  examined. 

It  was  observed  that  an  intact  antrum  was  essential 
for  the  production  of  gastric  hypersecretion  when  a  large 
portion  of  the  small  intestine  was  resected.  Various  findings 
in  our  experiment  suggested  that  the  production  of  a  secreto- 
gogue(s),  rather  than  the  loss  of  an  inhibitor ( s) ,  from  the 
retained  intestine  was  likely  to  play  the  major  role  in 
bringing  about  the  hypersecretion.  This  secretogogue ( s) , 
which  was  carried  in  the  thoracic  duct  lymph,  appeared  to 
potentiate  and/or  stimulate  the  antral  gastrin  mechanism  in 
producing  gastric  hypersecretion  after  an  extensive  small 
intestinal  resection. 
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INTRODUCTION 


Gastric  hypersecretion  after  massive  small  intestinal 
resection  was  first  described  by  Stassoff  (115)  in  1914.  Fifty 
years  later,  Landor  and  Baker  (75)  showed  that  there  was  a 
marked  increase  in  Heidenhain  pouch  secretion  immediately  after 
an  extensive  small  intestinal  resection  or  small  intestinal 
bypass,  with  an  intact  antral  function.  Their  observation  has 
been  confirmed  by  many  recent  workers  (96,  103,  127). 

Many  factors  have  been  suggested  as  to  the  etiology  of 
this  gastric  hypersecretion  following  massive  intestinal 
resection.  However,  the  bewildering  cause  still  remains 
undefined  despite  the  extensive  experimental  work  done  by 
numerous  researchers  on  the  subject.  Different,  if  not  con¬ 
troversial,  views  are  being  upheld  and  no  one  has  yet  offered 
a  satisfactory  explanation. 

The  production  of  a  blood-borne  intestinal  tract  gastric 
secretogogue  was  proposed  by  Westerheide  (127)  as  an  answer  to 
the  acid  hypersecretion  in  small  intestinal  bypassed  animals. 

He  noticed  that  a  much  higher  Heidenhain  pouch  acid  output 
was  obtained  when  the  duodenum  and  upper  jejunum  were  isolated 
from  the  intestinal  stream  as  an  intestinal  loop  or  Thiry-Vella 
fistula,  than  when  the  same  part  of  upper  small  bowel  was 
excised.  Though  there  was  still  gastric  hypersecretion  after 
resection  of  the  upper  small  intestine  in  his  animals,  Wester¬ 
heide  was  unable  to  prove  that  a  gastric  secretogogue  was 
produced  by  the  remaining  small  bowel. 
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Antral  distension  is  known  to  bring  forth  gastric 
hypersecretion,  apparently  because  of  the  increased  gastrin 
release  (81).  After  small  intestinal  resection,  the  possi¬ 
bility  of  delayed  gastric  emptying  with  consequent  gastric 
stasis,  which  leads  to  gastrin  release  and  gastric  hyper¬ 
secretion,  has  to  be  considered.  Using  radiological  studies, 
several  workers  (75,  96)  found  that  there  was  no  gastric 
stasis,  thus  making  excessive  antral  gastrin  effects  due  to 
delayed  emptying  time  unlikely. 

Another  suggestion  was  made  by  Gray  et  al.  (37)  who 
believed  corticosteroid  effects  to  be  a  cause  of  the  increased 
secretion,  but  this  view  was  disputed  by  others  (22,  126). 

Gastrone  (14,  15),  enterogastrone  (73),  serotonin  (12, 
57),  secretin  (38,  71),  cholecystokinin  (35)  and  bile  (90) 
have  been  demonstrated  to  have  an  inhibiting  effect  on  gastric 
secretion.  After  small  intestinal  resection,  most  of  these 
inhibiting  agents  may  be  lost  either  because  of  inadequate 
absorptive  surface  or  removal  of  the  secretory  area.  Diarrhea, 
which  is  one  of  the  complications  of  massive  small  intestinal 
resection  (72,  99),  may  further  aggravate  the  loss  of  inhibi¬ 
tory  agents,  and  thus  induce  gastric  hypersecretion. 

Histaminase  is  known  to  occur  throughout  the  gastro¬ 
intestinal  tract  except  for  the  stomach  (17,  53).  After  mas¬ 
sive  intestinal  resection,  a  major  portion  of  histaminase  is 
likely  to  be  removed  because  of  decreased  secretory  surface. 
This  possible  loss  of  intestinal  histaminase  may  remove  the 
inhibitory  effect  of  histaminase  on  histamine  at  the  parietal 
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cell  level.  Such  reduction  of  histaminase  inhibition  could 
play  a  part  in  permitting  hypersecretion,  but  to  date  no  work 
has  been  done  to  verify  that  histaminase  has  a  role  in 
regulating  gastric  secretion.  Antihistaminic  drugs  have  no 
effect  on  parietal  cell  acid  secretion  unless  applied  directly 
to  the  mucosa,  where  they  inhibit  secretion  by  local  toxicity. 

Sillen  and  associates  (108)  believe  that  following 
massive  enterectomy  there  is  impairment  of  liver  function 
resulting  in  failure  to  inactivate  gastric  secretogogues. 

Yet  other  workers  (75,  96,  103)  reported  normal  liver  histol¬ 
ogy  and  normal  liver  functions  (B.S.P.  retention  test,  serum 
alkaline  phosphatase,  bilirubin ,  total  protein  and  albumin- 
globulin  ratio)  after  extensive  intestinal  resection  in  hyper- 
secreting  Heidenhain  dogs.  Another  objection  to  this  proposi¬ 
tion  is  that  the  onset  of  hypersecretion  is  immediate,  whereas 
changes  in  secretion  due  to  progressive  liver  damage  would  be 
expected  to  be  more  gradual. 

Infection  as  a  cause  of  increased  secretion  has  been 
postulated  by  Howe  (60);  this  too  has  not  been  substantiated. 

The  author's  interest  was  drawn  to  this  problem  by  the 
work  of  Yakimets  and  Bondar  (135)  who  observed  that  diversion 
of  thoracic  duct  lymph  markedly  diminished  the  Heidenhain  pouch 
acid  secretion  in  hypersecreting,  small  intestinal  resected 
animals  to  below  the  control  levels.  Also  of  interest  was  the 
clinical  phenomenon  that  patients  who  had  corrective  operations 
(viz.,  vagotomy  and  antrectomy  or  gastrectomy)  remained  achlor¬ 
hydric  even  after  massive  small  intestinal  resection  (19,  30). 
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It  was  the  attempt  of  this  experiment,  therefore,  to  determine 
whether  gastric  hypersecretion  following  extensive  intestinal 
resection  is  caused  by  the  loss  of  gastric  inhibitor (s)  or  the 
production  of  intestinal  tract  gastric  secretogogue ( s) ,  and  to 
clarify  the  part  played  by  the  thoracic  duct  lymph  in  control 
of  this  hypersecretion. 
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REVIEW  OF  PHYSIOLOGICAL  REGULATION 
OF  GASTRIC  SECRETION 

The  gastric  secretory  response  to  a  meal  was  classically 
separated  into  three  successive  and  independently  operating 
phases  (65):  cephalic  (vagal),  gastric  (antral)  and  intestinal. 
The  post-prandial  cutoff  of  gastric  secretion  was  attributed  to 
the  withdrawal  of  these  stimuli.  Recently  it  is  recognized  that 
the  regulation  of  gastric  secretion  is  dependent  upon  numerous 
interrelated  factors  that  result  initially  in  stimulation  and 
subsequent  inhibition  of  acid  output.  The  concept  of  separating 
the  stimuli  into  'phases'  is  incorrect,  and  the  term  'mechanism' 
should  be  used  instead.  Though  in  an  intact  stomach  no  pure 
vagal,  antral  or  intestinal  mechanisms  exist,  for  the  sake  of 
simplicity  the  terms  vagal,  antral  and  intestinal  mechanisms 
in  control  of  acid  secretion  are  used. 

I.  Stimulation  of  Gastric  Acid  Secretion 

A.  Vagal  Mechanism.  In  1895  Pavlov  and  Mme .  Schumann- 
Simanovskaja  (97)  by  sham  feeding  of  a  dog,  first  demonstrated 
the  stimulatory  action  of  vagal  impulses  on  gastric  hydrochloric 
acid  secretion.  Until  recently,  the  vagal  impulses  and  antral 
gastrin  were  considered  to  operate  independently  in  activating 
the  HCl-secreting  cells.  Uvnas  (123)  showed  in  1942  that  the 
acid  response  to  electrical  vagal  stimulation  in  anaesthetized 
cats  was  abolished  or  markedly  reduced  by  deprivation  of  the 
antral  blood  supply,  treatment  of  antral  mucosa  with  cocaine, 
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or  resection  of  antral  area,  and  that  there  was  a  restoration 
of  normal  secretory  response  to  vagal  stimulation  by  infusing 
into  the  cats  a  histamine-free  secretogogue  extracted  from  the 
cats'  antral  mucosa.  Based  on  his  findings,  it  was  Uvnas  who 
suggested  that  vagal  stimulation  of  gastric  secretion  has  two 
components,  namely  a  direct  action  on  the  acid  secreting 
glands,  and  an  indirect  action  by  the  release  of  gastrin  from 
the  mucosa  of  the  pyloric  antrum.  It  has  also  been  shown 
that  besides  stimulating  the  parietal  cells  directly  and  re¬ 
leasing  antral  gastrin,  the  vagus  also  potentiates  markedly 
the  effect  of  all  types  of  stimuli  on  the  parietal  cells. 

The  vagal  mechanism  is  stimulated  by: 

(1)  Psychic  factor  -  this  is  well-documented  since 
the  classical  'sham  feeding'  experiment  of  Pavlov  and  Mme. 
Schumann-Simanovska ja ,  1895  (97) .  They  provided  dogs  with  a 
gastric  fistula  and  oesophagos tomy ,  so  that  food  swallowed 
never  entered  the  stomach.  On  'sham  feeding'  the  dogs  showed 
a  secretory  response  of  gastric  juice.  In  hungry  dogs,  a 
similar  response  can  be  elicited  from  the  stomach  or  Pavlov 
pouch  by  'psychic'  stimulation,  i.e.,  permitting  the  animal  to 
see  and  smell  the  food  but  not  to  taste  it.  This  response  to 
'psychic'  stimulation  is  promptly  abolished  by  a  small  intra¬ 
venous  dose  of  atropine  or  by  vagal  section. 

(2)  Hypoglycaemia  -  when  hypoglycaemia  is  induced  by 
administration  of  insulin,  in  the  first  thirty  minutes  after 
injection  there  is  inhibition  of  gastric  secretion  (6) .  The 
mechanism  of  inhibition  is  not  known,  but  it  does  not  depend 
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on  integrity  of  the  vagus.  However,  if  the  blood  glucose  is 
allowed  to  fall  to  about  45  mg./lOO  ml.  or  half  the  fasting 
level,  strong  stimulation  of  acid  and  pepsinogen  secretion, 
lasting  about  ninety  minutes,  follows  and  overwhelms  the 
inhibition.  The  fall  of  blood  glucose  is  sensed  by  cells  in 
the  hypothalamus,  and  excitation  is  relayed  to  the  stomach 
along  the  vagus  nerve.  The  response  does  not  occur  in  com¬ 
pletely  vagotomised  subjects.  This  mode  of  stimulation  is 
the  basis  of  the  Hollander's  test  (58)  which  is  used  to  demon¬ 
strate  the  completeness  of  vagotomy. 

(3)  Nerve  reflexes  -  Grossman  (49)  in  1960  showed  that 
in  an  antrectomised  dog,  distension  of  the  fundic  remnant 
caused  a  moderately  high  secretion  of  acid.  This  effect  can 
be  abolished  by  vagotomy.  Other  workers  (55,  61)  have  also 
demonstrated  that  reflex  pathways  originating  in  mechano-  and 
chemo-receptors  in  the  stomach  and  duodenum  can  cause  vagal 
effects  in  the  stomach. 

B.  Antral  Mechanism.  In  1905,  Edkins  (23)  reported 
that  acid  extracts  of  the  pyloric  antral  mucosa  stimulated  acid 
secretion  when  injected  intravenously  into  anaesthetised  cats. 

He  suggested  that  the  active  principle,  which  he  called  gastrin, 
was  a  hormone.  For  over  forty  years  following  Edkins'  report, 
there  was  controversy  (20,  80)  whether  Edkins'  antral  extracts 
owed  their  activity  to  nothing  more  than  the  presence  of 
histamine.  It  was  not  until  1948  that  Grossman,  Robertson  and 
Ivy  (52),  using  transplanted  pouches,  established  beyond  doubt 
that  gastrin  not  only  exists  but  also  functions  as  a  hormone. 
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In  1959,  Gregory  and  Tracy  (42,  44)  devised  a  method  for 
the  extraction  of  histamine-free  gastrin  from  hog  antrum.  In 
1963-64,  these  investigators  (46,  47)  and  their  colleagues 
purified  two  gastrins,  characterised  them  and  accomplished  total 
synthesis  (2) . 

During  the  purification  process,  they  found  they  had 
derived  from  the  antral  mucosa  two  almost  identical  peptides 
which  they  named  gastrin  I  and  II: 

Gastrin  I 

Glu.  Gly.  Pro.  Try.  Met.  Glu.  Glu.  Glu.  Glu.  Glu.  Ala. 

Tyr.  Gly.  Try.  Met.  Asp.  Phe .  NH2 

Gastrin  II  SO^H 

Glu.  Gly.  Pro.  Try.  Met.  (Glu.)^  Ala.  Tyr.  Gly.  Try.  Met. 

Asp.  Phe.  NH2 

The  hormones  exhibited  identical  physiological  properties  and 
differed  only  by  the  presence  of  a  sulphate  group  attached  in 
an  ester  linkage  to  the  tyrosine  residue  in  gastrin  II.  Each 
of  these  peptides  is  an  extremely  powerful  stimulant  of  gastric 
secretion,  not  only  in  animals  but  also  in  man.  However,  when 
given  intravenously  in  large  doses,  the  hormones  inhibit  gastric 
acid  secretion.  Although  the  mechanism  of  the  inhibitory  action 
is  unknown,  the  phenomenon  has  been  demonstrated  in  dogs  and 
rats,  but  not  in  man  (84)  or  anaesthetised  cats  (32). 

Besides  the  action  on  gastric  acid  secretion,  gastrin 
has  a  wide  range  of  other  actions,  which  include  stimulation 
of  pepsin  secretion  (122) ,  stimulation  of  gastro-intestinal 
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tone  and  motility  (10)  ,  stimulation  of  pancreatic  volume-flow 
and  enzyme  secretion  (98)  and  stimulation  of  intrinsic  factor 
secretion  by  the  human  stomach  (63,  125). 

Recently  Gregory,  Tracy  and  Grossman  (48)  isolated  two 
peptides  --  named  human  gastrin  I  and  human  gastrin  II  --  from 
human  antral  mucosa.  These  gastrins  differ  only  slightly  in 
their  structures  from  the  hog  gastrins  I  and  II.  The  structure 
of  human  gastrin  I  is  shown  below: 

Glu.  Gly.  Pro.  Try.  Leu.  (Glu.)^  Ala.  Tyr.  Gly.  Try.  Met. 

Asp.  Phe.  NH2 

Human  gastrin  I  differs  from  hog  gastrin  I  only  in  that  leucine 
replaces  methionine  in  position  five.  Similarly,  human  gastrin 
II  differs  only  in  the  same  respect  from  hog  gastrin  II,  having 
like  the  latter  a  sulphate  group  attached  to  the  tyrosine 
residues.  The  properties  of  the  hog  and  human  peptides,  both 
sulphated  and  unsulphated,  seem  to  be  identical  quantitatively 
and  qualitatively,  so  that  no  physiological  significance  can 
be  attributed  either  to  the  very  slight  differences  in  amino 
acid  constitution  or  to  the  presence  of  the  sulphate  group. 

It  is  interesting  to  note  that  of  the  seventeen  amino 
acid  residues  which  comprise  the  total  molecule  of  gastrin, 
only  the  C-terminal  tetrapeptide  Try.  Met.  Asp.  Phe.  NH2  is 
required  to  display  all  of  the  physiological  actions  (122) . 

The  tetrapeptide  is  less  potent  than  the  total  molecule;  if 
the  amide  group  which  masks  the  C-terminal  residue  (phenyl¬ 
alanine)  is  removed,  almost  all  of  the  activities  are  lost. 
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the  molecule  is  the  C-terminal  tetrapeptide  and  that  any 
substitutions  found  in  the  remainder  of  the  chain  in  different 
species  have  no  significant  effect  on  physiological  activity. 

Many  workers  (71,  130)  have  tried  to  locate  the  cell  in 
the  antrum  responsible  for  the  production  and  storage  of  gastrin. 
Elwin  and  Uvnas  (24)  in  1964  reported  that  only  traces  of 
gastrin  activity  were  found  in  the  superficial  part  of  the 
mucosa  and  in  the  submucosa.  The  highest  gastrin  activities 
were  obtained  from  the  middle  2/5  to  1/2  of  the  mucosa  proper. 
However,  the  exact  cells  for  gastrin  formation  and  storage  are 
still  not  defined. 

The  following  mechanisms  are  known  to  stimulate  antral 
release  of  gastrin: 

(1)  Vagal  stimulation  of  the  antrum  -  Uvnas  (123)  in 
1942  suggested  that  vagal  impulses  were  able  to  induce  the 
release  of  antral  gastrin.  This  was  later  confirmed  by  other 
workers  (86).  This  vagal  release  of  gastrin  is  an  important 
link  between  the  neural  and  the  hormonal  stimulation  of  gastric 
secretion . 

(2)  Antral  distension  -  The  release  of  gastrin  by  antral 
distension  was  demonstrated  by  Grossman  (52)  who  showed  that  by 
mechanical  stimulation  (distension)  of  a  transplanted  antral 
pouch,  acid  secretion  was  obtained  from  a  transplanted  fundic 
pouch.  He  also  suggested  that  the  release  of  gastrin  was 
independent  of  extrinsic  innervation  of  the  antrum.  In  1950, 

Lim  and  Mozer  (82)  showed  that  the  acid  response  to  distension 
of  the  antrum  after  antroneurolysis  is  abolished  by  local 
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application  of  cocaine,  by  0.25%  atropine  or  by  the  injection 
of  a  ganglionic  blocking  agent,  suggesting  that  mechanical 
stimulation  releases  gastrin  via  a  cholinergic  reflex  within 
the  mucosa  and  submucosal  layer.  Their  results  have  been 
confirmed  by  Woodward  et  al.  (129)  and  in  addition,  it  has  been 
shown  that  antral  acidification  blocks  the  response  to  antral 
distension  (94) . 

(3)  Contact  of  food  with  antral  mucosa  -  Local  appli¬ 
cation  of  meat  extract  and  alcohol  in  the  antrum  stimulates 
the  chemo-receptors  and  releases  gastrin  (129,  131).  Acidi¬ 
fication  and  local  anaesthesia  of  the  antrum  inhibit  the  res¬ 
ponse  to  these  types  of  chemical  stimuli  in  the  antrum  (24, 

133)  .  Recently  Schofield  (1965)  (104)  has  shown  that  applica¬ 
tion  of  0.001%  atropine  inhibits  the  release  of  gastrin  by 
meat  extract  in  the  antrum,  supporting  the  concept  of  a 
cholinergic  neural  mechanism  for  the  release  of  gastrin  from 
the  antrum  by  meat  extracts. 

(4)  Alkaline  pH  of  antrum  -  An  alkaline  antral  pH 
appears  to  promote  gastrin  release  (132) . 

C.  Intestinal  Mechanism.  It  was  Leconte  (1900)  (77) 
who  first  described  that  food  in  the  small  intestine  might 
stimulate  gastric  secretion.  Later  it  was  confirmed  by  the 
classical  experiment  of  Ivy,  Lim  and  McCarthy  (1925)  (66)  who 
converted  the  whole  stomach  of  dogs  into  a  vagotomised  'total 
pouch'  and  restored  gastro-intestinal  tract  continuity  by 
esophago-duodenostomy .  When  their  dogs  were  fed,  the  vago¬ 
tomised  pouch  of  the  entire  stomach  started  to  secrete.  This 
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response  proves  that  gastric  secretion  can  be  stimulated  by 
the  presence  of  digesting  food  in  the  small  intestine. 

In  1941,  Gregory  and  Ivy  (40)  provided  dogs  with  fundic 
transplants  and  pouches  of  the  rest  of  the  stomach,  with  anas¬ 
tomosis  of  the  esophagus  to  the  second  part  of  the  duodenum. 

When  these  dogs  were  fed,  both  the  main  stomach  pouch  and  the 
transplanted  fundic  pouch  showed  secretory  response.  They  sug¬ 
gested  that  a  hormonal  mechanism  was  involved  in  this  intestinal 
'phase'  of  gastric  secretion.  In  1945  Uvnas  (124)  demonstrated 
that  a  gastrin-like  substance  was  liberated  from  the  duodenum 
and  jejunum  in  response  to  food  and  mechanical  distension.  Lai 
(74)  in  1964  extracted  gastrin  material  from  the  duodenum  of 
hogs  and  found  considerable  secretory  responses  by  injecting 
the  extracts  in  anaesthetised  cats,  whereas  the  extracts  were 
inactive  when  injected  in  conscious  dogs.  This  finding  sug¬ 
gests  that  the  secretory  hormone  from  the  small  intestine  may 
at  least  be  partly  due  to  a  hormone  similar  to,  but  not 
identical  with,  gastrin  from  the  antrum. 

Gregory  and  Tracy  (1960)  (43)  suggested,  as  in  the  case 
of  antral  mechanism,  cholinergic  excitation  was  an  important 
factor  responsible  for  effective  operation  of  the  intestinal 
'phase'.  They  provided  antrectomised  dogs  with  pouches  of  the 
entire  stomach  or  with  denervated  fundic  pouches.  When  these 
dogs  were  fed  the  secretory  response  of  the  pouches  was  very 
small,  but  when  subthreshold  dosage  of  urecholine  or  carbachol 
was  instituted,  the  response  to  feeding  was  much  greater  and 
occurred  much  sooner. 
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At  present,  very  little  is  known  about  the  intestinal 
mechanism  on  stimulation  of  gastric  secretion,  except  that  it 
exists  and  involves  the  liberation  of  a  gastrin-like  hormone. 

D.  Pancreatic  Islet  Cell  'Gastrin1.  In  the  Zollinger- 
Ellison  syndrome,  a  potent  gastrin-like  substance  has  been 
isolated  from  the  islet  cell  tumors  of  pancreas  (31,  54) . 
However,  it  has  not  been  possible  to  demonstrate  that  the 
pancreas  can  release  a  gastrin-like  hormone  under  normal 
circumstances . 

E.  Histamine .  Histamine  is  one  of  the  most  potent 
stimulants  of  acid  secretion.  Its  action  is  directly  on  the 
parietal  cells  as  shown  by  the  fact  that  it  can  stimulate  acid 
secretion  from  a  gastric  mucosa  stripped  of  nerves  and  its 
action  on  parietal  cells  is  resistant  to  atropine  (69) .  It  has 
been  shown  by  Felberg  and  Harris  (27)  that  a  high  concentration 
of  histamine  is  present  in  the  vicinity  of  the  parietal  cells. 
Recently  Raglns  (100)  indicated  that  systemic  injected  hista¬ 
mine  has  a  special  affinity  for  the  gastric  mucosa.  Another 
interesting  fact  is  that  histaminase  is  present  throughout  the 
gastro-intestinal  tract  except  for  the  stomach  (17) .  The 
relation  of  these  findings  to  acid  secretion  in  response  to  a 
meal  is  not  clear,  but  it  has  been  suggested  that  histamine  may 
act  as  a  final  common  local  chemo-stimulator  of  the  parietal 
cells  and  that  it  could  be  released  locally  in  response  to 
various  stimuli  (17) . 

F.  Local  Nerve  Reflexes.  In  1925  Lim,  Ivy  and  McCarthy 
(81)  demonstrated  that  distension  of  a  denervated  fundic  pouch 
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by  a  balloon  caused  secretion  of  a  small  amount  of  acid.  This 
is  the  result  of  a  local  nervous  reflex  mechanism.  In  1961, 
Grossman  (50)  suggested  that  local  nerve  reflexes  would 
potentiate  the  response  of  a  gastric  gland  to  other  stimuli 
operating  at  the  same  time,  such  as  the  gastric  hormone(s). 

All  the  above-mentioned  stimuli  --  including  the  hormone 
gastrin,  stimuli  mediated  via  the  vagus,  cholinergic  drugs  and 
histamine  --  are  interpotentiated .  Even  a  subthreshold  dose  of 
any  one  stimulant  sensitizes  the  parietal  cells  to  the  effects 
of  other  types  of  stimuli.  In  this  way  the  addition  of  two  or 
more  subthreshold  stimuli  may  result  in  a  substantial  secretory 
response.  Conversely,  complete  removal  of  a  source  of  stimulus, 
as  with  vagal  denervation,  reduces  considerably  the  sensitivity 
of  the  parietal  cells  to  other  types  of  stimuli. 

II.  Inhibition  of  Acid  Secretion 

Little  is  known  about  the  inhibitory  mechanism  of  gastric 
secretion.  The  following  factors  seem  to  be  responsible  for 
such  a  mechanism. 

A.  Inhibitory  Nerve  Reflexes.  The  autonomic  nervous 
system  is  responsible  for  inhibitory  impulses  to  the  gastric 
glands.  Wolf  and  Wolff  (128)  have  demonstrated  that  emotional 
states  such  as  fear  and  anger  may  inhibit  gastric  secretion. 
Leonard  et  al. (78)  have  shown  that  stimulation  of  posterior 
hypothalamus  caused  inhibition  of  acid  secretion  apparently 
mediated  by  the  sympathetic  nervous  system,  which  appears  to 
act  by  reducing  gastric  blood  flow.  This  vasoconstriction  of 
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the  gastro-intes tinal  vascular  bed  corresponds  to  the  observa¬ 
tion  of  Abrahams  (1)  that  extensive  cardiovascular  adjustments 
which  shift  blood  from  all  other  vascular  circuits  to  the  skel¬ 
etal  muscle  bed  are  present  during  arousal  of  the  animals  by 
stimulation  of  brain  stem.  The  recent  report  by  Smith  (112) 
that  norepinephrine  inhibited  gastric  acid  output  in  conscious 
monkeys  is  consistent  with  the  hypothesis  of  Leonard  that  vaso¬ 
constriction  of  the  gastro-intestinal  vascular  bed  may  be  the 
mechanism  of  gastric  acid  inhibition  in  their  animals. 

There  is  evidence  as  shown  by  Sircus  (110)  that  nerve 
reflexes  involving  the  vagus  are  partly  responsible  for  the 
duodenal  inhibitory  mechanism,  at  least  in  its  response  to  acid. 

B.  Antral  Inhibitory  Hormone.  Ever  since  Pavlov's  time 
(1910)  it  has  been  known  that  the  accumulation  of  acid  within 
the  antrum  and  duodenum  excited  some  autoregulatory  mechanism 
by  which  further  secretion  of  acid  is  inhibited.  It  was  assumed 
that  it  was  entirely  due  to  inhibition  of  gastrin  release  either 
by  direct  local  action  of  acid  on  antral  mucosa  or  by  a  reflex 
mechanism  via  the  vagal  nerve  supply  to  the  stomach. 

Harrison,  Lakey  and  Hyde  (1956)  (56)  in  studies  on  dogs 
with  divided  antral  pouches  gave  first  evidence  for  an  antral 
inhibitory  hormone.  They  provided  dogs  with  Heidenhain  pouches, 
and  also  transplanted  the  distal  half  of  the  antrum  into  the 
colon.  A  continuous  hypersecretion  of  juice  occurred  in  the 
fundic  pouch  (and  also  in  the  main  stomach)  owing  to  continuous 
stimulation  of  gastrin  release  from  the  colonic  antral  implant. 
The  remaining  proximal  portion  of  the  antrum,  which  had  been 
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left  in  situ  in  the  stomach,  and  exposed  to  the  acid  secreted 
there,  was  then  removed.  There  followed  a  further  increase 
in  the  secretion  from  the  fundic  pouch,  indicating  that  a  source 
of  inhibition  has  been  removed  by  total  antrectomy. 

Recently,  Thompson  et  al.  (120)  using  cross-transfusion 
techniques,  showed  that  gastric  secretion  stimulated  by  the 
intact  antral-gastrin  mechanism  of  one  animal  was  inhibited  by 
the  infusion  of  blood  draining  the  acidified  antrum  of  another 
animal . 

However,  it  still  remains  controversial  about  the 
existence  of  an  antral  inhibitory  hormone.  Many  (5,  33,  94) 
believe  that  the  inhibiting  effects  of  antral  acidification 
are  caused  by  suppression  of  gastrin  release. 

Human  and  animal  gastric  juices  have  been  shown  to 
contain  a  gastric  secretory  depressant,  gastrone  (14,  15).  It 
has  been  found  that  the  mucous  secretion  of  the  gastric  antrum 
has  a  high  concentration  of  this  gastric  inhibitory  substance 
(gastrone) .  The  mode  of  action  of  gastrone  is  unknown.  It 
has  only  recently  been  shown  (8)  that  the  depressant  effect 
of  gastrone  is  not  due  to  the  damage  of  parietal  cells,  nor 
does  gastrone  appear  to  facilitate  the  reabsorption  of  hydrogen 
ions  from  the  stomach  lumen. 

An  unexpected  mechanism  of  inhibition  of  gastric  secretion 
was  reported  by  Gillespie  and  Grossman  (34)  who  found  that  a 
single  large  dose  of  gastrin  resulted  in  marked  depression  of 
acid  secretion.  The  significance  of  this  finding  may  well  be 


strictly  experimental. 
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C.  Intestinal  Inhibiting  Hormones.  It  has  been  well 
documented  that  the  presence  in  the  duodenum  of  acid,  hyper¬ 
tonic  sugar,  saline  solutions,  tap  water,  fat  and  peptone  will 
inhibit  gastric  secretion  (3,  4,  111).  While  nerve  reflexes 
operating  through  the  vagus  may  be  partly  responsible,  hormonal 
factors  definitely  seem  to  play  an  important  role.  The  iden¬ 
tity  of  these  substances  is  unknown,  but  there  are  strong 
indications  that  four  known  hormones  may  be  involved: 

(1)  Serotonin  -  Serotonin  is  present  in  highest  concen¬ 
tration  in  the  duodenal  and  jejunal  mucosa  (101) .  Its  release 
is  promoted  by  intraluminal  hypertonic  solutions  (21) ,  acid, 
and  distension  (102) .  Its  inhibitory  action  on  acid  secretion 
(12,  57)  together  with  the  recent  report  that  serotonin  antag¬ 
onist  is  a  strong  stimulant  for  acid  secretion  in  man  (112) 
indicate  that  serotonin  may  play  an  important  role  in  the 
physiological  control  of  acid  secretion. 

(2)  Secretin  -  In  1902,  Bayliss  and  Starling  (9)  dis¬ 
covered  the  first  hormone,  secretin,  which  is  released  when 
the  upper  intestine  is  exposed  to  certain  chemical  substances 
(116)  and  which  stimulates  the  secretion  of  pancreatic  juice. 
Secretin  has  other  physiological  functions  (117)  besides  its 
action  on  the  pancreas.  The  one  that  this  project  is  concerned 
with  is  its  property  to  inhibit  gastric  acid  secretion,  which 
was  first  demonstrated  by  Greenlee  (38)  and  confirmed  by  others 
(71).  Though  there  is  slight  rise  in  serum  level,  it  is 
still  not  known  whether  the  serum  levels  of  secretin  attained 
during  meals  are  capable  of  producing  gastric  inhibition. 
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(3)  Enterogastrone  -  It  is  generally  accepted  that 
there  exists  in  the  duodenal  and  jejunal  mucosa  a  hormone, 
enterogastrone,  which  is  released  by  the  presence  of  fat  or 

its  digestive  products.  While  the  main  effect  of  enterogastrone 
is  to  inhibit  gastric  motility  (26)  it  has  also  been  shown  to 
depress  acid  secretion  (29) .  This  depression  would  apparently 
act  either  by  preventing  release  of  gastrin  from  the  antrum  (41) 
or  by  inhibition  at  the  parietal  cell  level  (11) . 

(4)  Cholecystokinin  -  In  1928  Ivy  and  Olberg  (67)  first 
described  the  hormone  cholecystokinin,  which  is  released  by 

the  upper  intestinal  mucosa  when  fat,  fatty  acids,  dilute  hydro¬ 
chloric  acid,  peptone  and  some  other  substances  are  in  contact 
with  it  (64)  .  While  the  main  action  of  cholecystokinin  is  to 
stimulate  the  contraction  of  gallbladder  in  its  emptying  of 
bile,  it  has  been  shown  by  Gillespie  and  Grossman  (35)  that  it 
has  an  inhibitory  effect  on  acid  secretion.  The  inhibitory 
effect  of  cholecystokinin  is  greater  than  that  of  secretin. 

III.  Parietal  Cell  Mass 

All  the  stimulatory  and  inhibiting  mechanisms  dicussed 
above  act  on  the  parietal  cell  of  the  stomach  to  determine 
whether,  and  to  what  extent,  secretion  will  take  place.  Cox 
(18)  in  1952  found  by  cell  counts  that  the  number  of  parietal 
cells  in  a  normal  human  stomach  was  about  one  billion.  Card 
and  Marks  (16)  stated  that  the  maximal  acid  output  under 
conditions  of  maximal  histamine  stimulation  was  directly  related 
to  the  size  of  the  parietal  cell  mass,  which  may  vary  throughout 
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the  life  of  an  individual.  The  factors  which  govern  the  size 
of  the  parietal  cell  mass  are  unknown.  Landor  (76)  demonstrated 
in  dogs  that  physiological  stimuli  to  gastric  secretion  can 
produce  a  work  hyperplasia  of  parietal  cells  and,  further,  that 
degeneration  of  parietal  cells  may  follow  the  removal  of  such  a 
secretory  stimulus.  Clinically,  it  is  observed  that  hyperplasia 
of  parietal  cell  mass  occurs  in  duodenal  ulcer  patients  and  also 
in  patients  with  Zollinger-Ellison  syndrome,  while  a  significant 
reduction  of  parietal  cell  mass  is  present  in  gastric  ulcer 
patients . 
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METHODOLOGY 


I.  General  Outline 

Adult  male  and  female  mongrel  dogs  weighing  14  -  30 

Kg.  were  used.  All  the  experimental  animals  were  kept  in  the 

animal  farm  for  two  weeks  prior  to  being  brought  into  the 

laboratory.  They  were  dewormed  and  vaccinated  against  infectious 

canine  hepatitis  and  distemper.  These  dogs  were  fed  one  can  of 

* 

commercial  dog  food  per  day,  and  water  was  given  ad  librum. 

II .  Plan  of  Experiment 

The  dogs  were  divided  into  three  groups,  A,  B  and  C. 

Group  A  -  Seven  dogs  were  used,  each  undergoing  the  following 
stages  of  operative  procedures: 

1.  Heidenhain  pouch  construction 

2.  Sham  enterectomy 

3 .  Enterectomy 

4.  Antrectomy 

5.  Thoracotomy 

6.  Thoracotomy,  cannulation  of  thoracic  duct. 

Group  B  -  Ten  dogs  were  used,  each  undergoing  the  following 
stages  of  operative  procedures: 

1.  Heidenhain  pouch  construction 

2 .  Antrectomy 

3.  Sham  enterectomy 

4.  Enterectomy 

* 
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5 .  Thoracotomy 

6.  Thoracotomy,  cannulation  of  thoracic  duct. 

As  there  was  no  significant  change  of  Heidenhain  pouch  secretion 
after  sham  operations  (sham  enterectomy  and  thoracotomy)  in  the 
first  four  dogs  in  this  group,  we  were  satisfied  that  sham 
operations  would  not  affect  the  pouch  secretion.  For  the  next 
six  dogs  in  this  group,  we  abandoned  the  sham  operations, 
therefore  leaving  only  the  following  stages: 

1.  Heidenhain  pouch  construction 

2 .  Antrectomy 

3.  Enterectomy 

4.  Thoracotomy,  cannulation  of  thoracic  duct. 

Group  C  -  Four  dogs  were  used,  each  undergoing  the  following 
stages  of  operative  procedures: 

1.  Heidenhain  pouch  construction 

2.  Enterectomy 

3.  Thoracotomy,  cannulation  of  thoracic  duct. 

Sham  operations  (sham  enterectomy,  thoracotomy)  were  not  done 
in  this  group  as  in  Groups  A  and  B,  because  the  author  is  con¬ 
vinced  that  sham  operations  do  not  affect  the  pouch  secretion. 

In  Group  A  and  Group  B,  the  animals  were  subjected  to 
the  same  operative  procedures;  the  only  difference  between 
them  was  that  in  Group  A  enterectomy  came  before  antrectomy, 
while  in  Group  B  the  reverse  was  done.  In  Group  C,  the  animals 
were  not  subjected  to  antrectomy,  and  thoracic  duct  cannulation 
was  carried  out  after  enterectomy. 
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III.  Pre-Operative  Care 

All  dogs  were  carefully  examined  again  when  they  were 
brought  to  the  laboratory.  If  any  pathology  was  detected,  the 
dog  would  be  rejected  from  our  studies.  All  the  experimental 
animals  were  fasted  for  twenty— four  hours  and  deprived  of  water 
for  twelve  hours  prior  to  surgery. 

IV.  Operative  Procedures 

After  having  been  anaesthetized  with  intravenous  nembutal 
2  5  -  3  0  mg. /'Kg.  body  weight,  the  animal  was  intubated  with  an 
endotracheal  tube.  The  abdomen  was  shaved  and  cleansed.  The 
animal  was  then  placed  on  the  operating  table,  the  skin  prepared 
with  Betadine  solution  (Nonyphenoxy ,  polyoxyethylene,  ethanol- 
iodine  complex)  and  drapes  applied  using  sterile  surgical 
technique.  For  all  abdominal  surgery,  operations  were  performed 
through  midline  upper  abdominal  incisions,  extended  from  xiphoid 
process  to  just  below  the  umbilicus.  Strict  asepsis  was  main¬ 
tained  at  all  times. 

Heidenhain  Pouch  Construction  (Figure  1) .  The  greater 
curvature  of  the  stomach  was  held  at  multiple  points  by  Babcock 
clamps  so  that  the  stomach  would  be  stretched  out,  and  the  line 
of  incision  of  the  pouch  was  selected.  Ligation  and  division 
of  the  marginal  artery  medial  to  the  most  medial  short  gastric 
artery  was  performed  and  a  long  rent  formed  on  the  adjacent 
omentum.  An  index  finger  was  then  inserted  through  this  defect 
dorsal  to  the  stomach  to  emerge  higher  on  the  greater  curvature 
through  the  gastrosplenic  ligament  at  the  upper  end  of  the 
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HEIDENHAIN  POUCH 


Figure  1.  Heidenhain  pouch 


2  4 


proposed  line  of  transection.  Two  Allen  clamps  were  placed 
into  the  omental  gaps  and  were  applied  when  the  stomach  was 
stretched  and  flattened.  The  stomach  was  then  divided  between 
the  Allen  clamps,  and  the  cut  edges  of  the  mucosa  of  the  main 
stomach  and  pouch  were  oversewn  with  continuous  sutures  of  3-0 
chromic.  A  second  running  seromuscular  suture  of  3-0  chromic 
was  placed  over  the  first  suture  to  bury  the  mucosal  suture 
line.  Prior  to  complete  closure  of  the  pouch,  a  stainless 
steel  cannula  was  inserted  through  the  open  end  of  the  suture 
line  and  brought  out  through  the  anterior  wall  of  the  pouch, 
and  thence  through  the  lateral  abdominal  wall. 

Enterectomy  (Figure  2) .  The  small  intestine  was  with¬ 
drawn  from  the  abdominal  cavity.  Two  feet  of  jejunum  distal 
to  the  ligament  of  Treitz  and  one  foot  of  ileum  proximal  to 
the  ileocecal  valve  were  measured  with  a  ruler.  The  mesenteric 
vessels  at  these  two  points  were  cleaned  of  fat.  The  blood 
vessels  to  the  part  of  small  intestine  between  these  two  points 
were  ligated  in  continuity  and  divided  between  the  ligatures. 
Paired  intestinal  clamps  were  applied  to  the  two  areas  of 
small  intestine  previously  prepared,  the  gut  divided,  and  the 
intermediate  portion  of  the  small  gut  removed.  Restoration 
of  gastro-mtestinal  continuity  was  by  end-to-end  jejunoileos- 
tomy  using  one  layer  of  interrupted  4-0  silk  sutures.  The 
mesentry  was  then  tacked  together  by  interrupted  sutures  to 
prevent  possible  herniation.  The  intestine  was  replaced  in 
the  abdomen  and  the  abdominal  wound  closed  in  layers. 

Sham  Enterectomy.  As  in  enterectomy,  the  small  intestine 
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was  brought  out  from  the  abdomen,  and  instead  of  resecting  the 
small  intestine  from  a  point  two  feet  distal  to  the  ligament  of 
Treitz  to  a  point  one  foot  proximal  to  the  ileocecal  valve, 
the  small  gut  was  transected  at  these  two  points  without  liga¬ 
ting  any  vessel.  The  transected  intestine  was  re-anastomosed 
immediately  with  a  single  layer  of  interrupted  4-0  silk 
suture.  The  intestine  was  returned  to  the  abdominal  cavity, 
and  the  abdomen  closed „ 

Antrectomy  (Figure  3) .  Babcock  clamps  were  placed  on 
the  greater  curvature  portion  of  the  stomach,  and  the  organ  was 
lifted  up  and  forward.  The  arcade  of  the  right  gastroepiploic 
vessels  along  the  middle  of  the  greater  curvature  was  divided 
and  ligated  with  silk.  The  vessels  along  the  lesser  curvature 
were  likewise  secured.  With  traction  applied  to  the  greater 
curvature,  using  several  Babcock  clamps,  a  point  at  the  mid 
portion  of  the  greater  curvature  was  selected  for  division. 

This  point  was  usually  just  to  the  right  of  the  first  short 
gastric  artery.  A  similar  site  was  selected  on  the  lesser  cur¬ 
vature  just  proximal  to  the  midway  point  between  the  pyloric 
vein  and  oesophago-gastric  junction.  This  point  was  usually 
2-3  cm.  proximal  to  the  incisura  angularis.  The  angularis 
itself  was  not  used  as  a  guide,  since  it  represents  an  incon¬ 
stant  landmark  which  varies  with  peristaltic  acitivity  and 
changes  in  posture. 

Two  clamps  were  placed  at  right  angles  to  the  long  axis 
of  the  stomach  along  the  greater  curvature  at  the  previously 
selected  site.  This  portion  of  the  stomach,  about  one-third 
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ANTRECTOMY 


FIGURE  3.  Antrectomy  with  end-to-end  gastroduodenostomy 
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of  the  width  of  the  organ,  was  then  divided.  From  this  point 
of  division,  straight  clamps  were  placed  obliquely  along  the 
lesser  curvature  up  to  the  point  previously  selected  for 
division o  This  portion  of  the  lesser  curvature  of  the  stomach 
was  then  transected,  and  closed  with  two  inverting  layers  of 
2-0  chromic  gut,  thus  making  a  new  lesser  curvature.  The 
antrum,  together  with  the  pylorus,  were  then  removed  by  dividing 
the  first  part  of  duodenum  between  the  clamps,  and  gastro-mtes- 
tinal  continuity  was  achieved  by  end-to-end  gastroduodenostomy 
using  a  single  layer  of  continuous  2-0  chromic. 

The  excised  antrum  was  then  sent  to  the  pathologist  for 
histological  examination  to  confirm  complete  removal  of  antrum. 

Thoracotomy  and  Cannulation  of  Thoracic  Duct  (Figure  4) . 
All  the  dogs  were  intubated  with  McGill  tubes  for  positive 
pressure  ventilation  and  placed  on  their  left  side  to  aid  a 
right  thoracotomy  exposure.  The  right  chest  was  entered 
through  the  tenth  intercostal  space,  and  exposure  maintained 
by  retraction  and  packing.  By  carefully  separating  the  parietal 
pleura  from  the  aorta  in  the  right  costophrenic  angle,  the 
thoracic  duct  could  be  located  lying  to  the  right  of  the  aorta 
in  the  fatty  areolar  tissue.  At  this  point  the  duct  was  opened 
and  a  small  silastic  cannula  was  inserted  to  pass  beneath  the 
diaphragm  and  lie  within  the  cisterna  chyli.  The  duct  proximal 
to  the  insertion  of  the  cannula  was  ligated  to  ensure  complete 
diversion  of  lymph  to  the  cannula.  A  tie  was  also  placed  around 
the  duct  and  cannula  and  secured  to  the  pleura  *  The  distal  or 
free  end  of  the  cannula  was  then  threaded  through  the  diaphragm 
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THORACIC  DUCT  CANNULATION  IN  RIGHT  CHEST 


1.  Diversion  of  Thoracic  Duct 

2.  During  same  Period; 
Collection  of  Gastric  Juice 
Secretion  from  Heidenhain 
Pouch 


CANNULA 


AORTA 


THORACIC  DUCT 


Figure  4.  Right  thoracotomy  and  cannulation  of  the  thoracic  duct 
with  lymph  diversion.  ( diagramatic ) 
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and  out  through  a  metal  cannula  on  the  side  of  the  abdomen. 

The  metal  cannula  served  to  protect  the  silastic  cannula  from 
being  chewed  off  by  the  dog. 

V.  Post-Operative  Care 

During  the  first  three  post-operative  days,  hydration 
was  maintained  by  means  of  30  cc./Kg.  of  5%  dextrose  saline 
given  subcutaneously.  After  the  third  post-operative  day,  water, 
then  milk  and  pablum  were  given  as  tolerated.  By  the  sixth  post¬ 
operative  day,  most  dogs  were  able  to  resume  normal  feeding. 

For  those  dogs  which  had  resection  of  the  small  intestine, 
1  gm.  of  calcium  carbonate  was  given  orally  each  day  to  minimize 
diarrhea  (79) . 

After  each  surgical  procedure,  the  animals  were  allowed 
a  minimum  of  three  weeks  for  recovery,  at  the  end  of  which  time 
pouch  secretions  were  collected. 

During  the  control  phase  as  well  as  four  weeks  after 
enterectomy,  haemoglobin,  total  protein,  albumin-globulin  ratio 
and  Bromsulphaiein  (B.S»P.)  retention  tests  were  measured  in 
each  dog.  Radiological  gastric  emptying  time  by  barium  meal 
study  was  carried  out  before  and  after  enterectomy. 

VI.  Collection  of  Heidenhain  Pouch  Secretion 

The  Heidenhain  pouches  were  fitted  with  metal  cannulas 

* 

which  drained  into  rubber  bladders.  Twenty-four  hour  and 

eight-hour,  hourly  fasting  and  post-prandial  secretions  were 
* 

Bard  rubber  bladder 
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collected.  All  dogs  were  fasted  for  12  hours  before  the 
collections . 

The  twenty-four  hour  collections  were  carried  out  in 
the  vivarium  under  normal  conditions  of  activity.  The  bladders 
were  put  on  at  9:00  a.m.  while  the  Heidenhain  pouch  secretions 
were  collected  at  9:00  a.m.  on  the  following  day.  When  the 
secretions  were  collected,  the  bladders  were  carefully  checked 
for  any  damage;  if  leakage  was  detected,  the  collection  was 
discarded.  When  post-prandial  secretion  was  collected,  dogs 

o  jflf 

were  given  one-half  tin  of  dog  food  twice  daily.  During 

fasting  collection,  only  food  was  withheld. 

In  the  eight-hour,  hourly  collections,  the  animals  were 

anaesthetized  with  nembutal  (30  mg. /Kg.)  intravenously,  and 

given  intravenous  fluid  of  2/3  5%  dextrose  water  with  1/3 

normal  saline  solution  at  a  rate  of  50  ml.  per  hour.  When 

food  was  given,  the  dogs  were  fed  with  120  gm.  of  commercial 
* 

dog  food  homogenised  with  60  ml.  of  water  through  an  oral 
gastric  tube  immediately  following  the  second  collection. 

VII.  Collection  of  Heidenhain  Pouch  Secretion  with  Cannulation 
of  Thoracic  Duct  (Figure  4) 

Eight-hour,  hourly  Heidenhain  pouch  secretion  was  col¬ 
lected  as  described  above.  When  the  dog  was  fed  at  the  end  of 
the  second  hour,  the  thoracic  duct  was  cannulated  at  the  same 
time.  The  lymph  was  diverted  and  collected  in  a  measuring  cyl¬ 
inder.  Five  hundred  units  of  heparin  were  added  to  the  cylinder 
* 
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to  prevent  the  lymph  from  clotting.  The  hourly  output  of 
thoracic  duct  lymph  was  noted  and  collected  for  three  hours, 
at  the  end  of  which  time  all  the  diverted  lymph  was  reinfused 
back  into  the  dog.  Heidenhain  pouch  collection  was  carried 
out  hourly  for  another  three  hours . 

VIII «  Laboratory  Procedures 

1.  Determination  of  Gastric  Acidity.  All  the  pouch 
secretions  were  measured  for  volume.  These  secretions  were 
also  titrated  for  free  and  total  acid  with  N/10  sodium  hydroxide 
using  Topfer's  reagent  and  phenol  red  as  indicators.  The 
Topfer's  reagent  changes  from  red  to  yellow  from  pH  2.9  to  4.4, 
then  phenol  red  changes  to  red  from  pH  6.8  to  8.4.  The  titration 
to  the  first  colour  change  (red  to  yellow)  at  pH  4  measured  the 
amount  of  free  acid  present.  From  this  point  to  the  colour 
change  with  phenol  red,  the  combined  acid  was  titrated.  The 
complete  titration  gives  the  amount  of  total  acid  present. 

2.  Bromsulphalem  (B.S.P.)  Determination.  After  sixteen 
hours  of  fasting,  5  mg. /Kg.  of  B.S.P.  dye  was  injected  intra¬ 
venously.  Forty-five  minutes  later  blood  was  drawn  from  a 
different  limb,  and  dye  concentration  determined  according  to 
the  method  of  Inglefinger  and  Bradley  (62). 

3  *  Determination  of  Serum  Total  Protein,  Albumin  and 
Globulin  Levels.  Total  protein  was  done  using  the  biuret 
reagents.  Albumin  and  globulin  were  separated  by  electrophoresis 
on  cellular  acetate  strip  which  was  subjected  to  scanning.  From 
the  scanned  strip,  the  total  amount  or  albumin  and  globulin  were 
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calculated . 

4,  Barium  Meal  Study.  The  dogs  were  fasted  for  twelve 
hours  before  the  barium  meal  study.  One  hundred  ml.  of  barium 
were  introduced  into  the  back  of  the  throat  of  the  dog  with  a 
syringe  and  the  barium  was  allowed  to  be  swallowed.  X-ray 
studies  to  determine  gastric  emptying  time  were  performed  by 
making  antero-pos tenor  films  hourly.  Complete  emptying  was 
considered  to  have  occurred  when  only  traces  of  barium  remained 
in  the  stomach. 
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RESULTS 

In  the  calculation  of  percentage  difference  in  the  mean 
Heidenhain  pouch  secretion  at  different  stages  of  the  8-hour 
collections,  the  author  only  used  data  of  the  last  six  hours 
(i.e.,  3rd  -  8th  collections) .  Data  of  first  and  second  collec¬ 
tions  were  not  included  as  these  first  two  hours  in  the  fasting 
state  were  necessary  to  allow  the  secretion  to  stabilize. 

I.  Heidenhain  Pouch  Secretion  of  Group  A  Dogs 

A.  Effect  of  Sham  Enterectomy  (Table  I) .  After  the 
control  phase,  sham  enterectomy  was  performed  to  see  if  there 
was  any  effect  on  the  Heidenhain  pouch  secretion.  It  was  found 
that  sham  enterectomy  brought  no  change  to  the  volume,  free 
acid  or  total  acid  in  both  the  post-prandial  and  fasting  states 
(Figures  5,  6,  7  and  8) . 

B.  Effect  of  65%  Small  Intestinal  Resection  (Table  II). 

A  65%  resection  of  small  intestine  was  done  on  the  same  animals 
following  the  finding  that  sham  enterectomy  did  not  affect  the 
Heidenhain  pouch  secretion.  After  the  resection,  a  significant 
increase  of  Heidenhain  pouch  secretion  was  observed  in  the  24- 
hour  post-prandial  period  and  in  the  6-hour  fasting  and  post¬ 
prandial  periods.  However,  there  was  no  significant  change  in 
the  24-hour  fasting  secretion  after  enterectomy  (Figure  7) . 

The  24-hour  post-prandial  Heidenhain  pouch  secretion 
showed  an  average  increase  of  63.88%  in  volume  (p  <  0.05)  , 
114.53%  in  free  acid  (p  <  0.01) ,  and  77.36%  in  total  acid 
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TABLE  I 


EFFECT  OF  SHAM  ENTERECTOMY  ON  MEAN  HEIDENHAIN  POUCH  SECRETION 

OF  GROUP  A  DOGS 


Control 

Sham 

Enterectomy 

Difference 

% 

P  Value 

24-Hour  Fasting 

* 

Volume 

11.4 

11.0 

-3.39 

N.S  . 

0  *f* 

Free  Acid 

0.4 

0.3 

-33.33 

N.S. 

Total  Acid^ 

6.0 

5.8 

-2.38 

N.S. 

24-Hour  Post-Prandial 

Volume 

40.2 

39.1 

-2.66 

N.S. 

Free  Acid 

46.2 

42.5 

-7.18 

N.S. 

Total  Acid 

65.0 

60.8 

-6.37 

N.S  . 

6-Hour  Fasting 

Volume 

3.88 

2.1 

-45.88 

<  0.01 

Free  Acid 

16.00 

2.5 

-84.38 

N.S. 

Total  Acid 

58.20 

53.1 

-8.76 

N.S. 

6-Hour  Post-Prandial 

Volume 

8.9 

7.5 

-15.73 

N.S  . 

Free  Acid 

168.8 

142.9 

-15.34 

<0.05 

Total  Acid 

278.0 

258.9 

-6.87 

N.S  . 

* 

Volume  in  ml . 
Acid  in  mEq./L. 
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Total  Acid  (mEq/L.)  Free  Acid  (mEq/L.)  Volume  (ml.) 


36 


Mean  8  Hour  Post  -  Prandial  Heidenhain 
Pouch  Secretion 
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Effect  of  sham  enterectomy  on  the  mean  hourly  post-prandial  H.  P. 
secretion  of  group  A  dogs.  Sham  enterectomy  had  no  significant 
effect  on  the  mean  volume,  and  free  and  total  acids  of  the  H.  P. 
secretion. 
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Effect  of  sham  enterectomy  on  the  mean  hourly  fasting  Heidenhain 
pouch  (H.P.)  secretion  of  group  A  dogs.  Sham  enterectomy  had  no 
significant  effect  on  the  mean  volume,  and  free  and  total  acids  of  the 
H.P.  secretion. 


FIGURE  6. 
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(p  <  0.01)  after  enterectomy  (Figure  8). 

In  the  mean  total  6-hour  fasting  Heidenhain  pouch  secre¬ 
tion,  though  there  was  a  decrease  of  30.41%  in  the  volume  out¬ 
put  (p  <  0.05),  there  was  a  significant  increase  in  both  the 
free  and  total  acids  of  166.5%  (p  <  0.01)  and  74.23%  (p  <  0.05) 
respectively  (Figure  9) . 

There  was  a  marked  increase  of  107.8%  (p  <  0.01),  149.94% 
(p  <  0.01)  and  89.89%  (p  <  0.01)  in  the  mean  volume,  free  acid 
and  total  acid  respectively  in  the  6-hour  post-prandial  Heiden¬ 
hain  pouch  secretion  (Figure  10) . 

C.  Effect  of  Antrectomy  (Table  III) .  A  marked  decrease 
in  both  the  fasting  and  post-prandial  Heidenhain  pouch  secretion 
of  the  24-hour  and  6-hour  collections  was  noted  when  antrectomy 
was  performed  in  the  hypersecreting,  small  intestinal  resected 
dogs . 

The  24-hour  fasting  Heidenhain  pouch  secretion  showed  a 
decrease  of  54.39%  (non-significant  [N.S.]),  100%  (N.S.)  and 
82.61%  (p  <  0.05)  in  mean  volume,  free  acid  and  total  acid 
respectively  (Figure  7) . 

In  the  24-hour  post-prandial  Heidenhain  pouch  secretion, 
a  drop  of  75.11%  in  mean  volume  (p  <  0.01),  74.93%  in  mean  free 
acid  (p  <  0.01)  and  56.26%  in  mean  total  acid  (p  <  0.01) 
resulted  in  this  antrectomy  phase  (Figure  8) . 

Similarly,  an  abrupt  fall  of  Heidenhain  pouch  secretion 
was  observed  in  the  6-hour  fasting  and  post-prandial  collections. 
In  the  6-hour  fasting  collections,  a  decrease  of  37.04%  (p  < 
0.05),  100%  (p  <  0.05)  and  80.67%  (p  <  0.05)  was  respectively 
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TABLE  II 


EFFECT  OF  ENTERECTOMY  ON  MEAN  HEIDENHAIN  POUCH  SECRETION  OF 

GROUP  A  DOGS 


Control 

Enterectomy 

Difference 

% 

P  Value 

24-Hour  Fasting 

* 

Volume 

11.4 

12.2 

+  7.28 

N.S. 

-f- 

Free  Acid 

0.4 

0.3 

-16.67 

N.S  . 

Total  Acid^ 

6  .0 

7.4 

+91.67 

N.S. 

24-Hour  Post-Prandial 

Volume 

40.2 

67.7 

+68.38 

<0.05 

Free  Acid 

46.2 

99.1 

+114.53 

<0.01 

Total  Acid 

65.0 

115.2 

+77.36 

<0.01 

6-Hour  Fasting 

Volume 

3.88 

2.7 

-30.4 

<  0.05 

Free  Acid 

16.00 

42.6 

+166.25 

<0.01 

Total  Acid 

58.20 

101.4 

+74.23 

<0.05 

6-Hour  Post-Prandial 

Volume 

8.9 

18.50 

+107.87 

<0.01 

Free  Acid 

168.8 

421.9 

+149.94 

<0.01 

Total  Acid 

278.0 

527.9 

+89.89 

<0.01 

* 

Volume  in  ml . 

■f- 

Acid  in  mEq./L. 


■ 
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TABLE  III 


EFFECT  OF  ANTRECTOMY  ON  MEAN  HEIDENHAIN  POUCH  SECRETION  OF 

GROUP  A  ENTERECTOMISED  DOGS 


Enterectomy 

Antrectomy 

Difference 

% 

P  Value 

24-Hour  Fasting 

* 

Volume 

12.2 

5.6 

-54.39 

N.S. 

Free  Acid+ 

0.3 

0 

-100.00 

N.S. 

,  + 

Total  Acid 

7.4 

2.0 

-82.61 

<0.05 

24-Hour  Post-Prandial 

Volume 

67.7 

16.8 

-75.1 

<0.01 

Free  Acid 

99.1 

24.8 

-74.93 

<0.01 

Total  Acid 

115.2 

50.4 

-56.26 

<0.01 

6-Hour  Fasting 

Volume 

2.7 

1.7 

-37.04 

<0.05 

Free  Acid 

42.6 

0 

-100.00 

<0.05 

Total  Acid 

101.4 

19.6 

-80.67 

<0.05 

6-Hour  Post-Prandial 

Volume 

18.50 

3.5 

-81.08 

<0.01 

Free  Acid 

421.90 

13.1 

-96.89 

<0.01 

Total  Acid 

527.90 

86.0 

-83.71 

<0.01 

* 

Volume  in  ml. 
Acid  in  mEq./L. 
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seen  in  the  mean  volume,  free  acid  and  total  acid  (Figure  9) . 

In  the  6-hour  post-prandial  collections,  a  decrease  of 
81.08%  (p  <  0.01),  96.89%  (p  <  0.01)  and  83.71%  (p  <  0.01) 
was  seen  respectively  in  the  mean  volume,  free  acid  and  total 
acid  (Figure  10) . 

D.  Effect  of  Thoracotomy  (Table  IV) .  Lymph  diversion 
by  supradiaphragmatic  thoracic  duct  cannulation  has  been  shown 
to  reduce  Heidenhain  pouch  secretion  in  the  hypersecreting , 
small  intestinal  resected  dog.  Thoracotomy  was  done  on  these 
enterectomised  and  antrectomised  dogs  to  check  the  possibility 
that  thoracotomy  alone  would  affect  the  Heidenhain  pouch  secre¬ 
tion.  The  results  revealed  that  thoracotomy  had  no  significant 
effect  on  the  Heidenhain  pouch  secretion  (Figure  11) . 

E .  Effect  of  Thoracic  Duct  Cannulation,  Lymph  Diversion 
and  Lymph  Re in fusion  (Tables  V  and  VI) .  Lymph  diversion  by 
supradiaphragmatic  thoracic  duct  cannulation  was  carried  out 

at  the  same  time  as  the  dogs  were  fed.  This  took  place  im¬ 
mediately  after  the  second  of  the  8-hour,  hourly  collections. 
The  diverted  lymph  was  collected,  the  volume  recorded  hourly, 
and  it  averaged  40  -  50  cc.  per  hour.  During  the  period  of 
lymph  diversion,  despite  the  fact  that  the  dogs  were  fed,  there 
was  a  decrease  of  Heidenhain  pouch  secretion  by  an  average 
volume  of  86.45%  (p  <  0.05),  an  average  of  free  acid  of  100% 
(N.S.)  and  an  average  total  acid  of  97.55%  (p  <  0.01)  as 
compared  with  the  same  period  of  the  previous  stage  of  the 
experiment  (Figure  10) . 

Three  hours  after  lymph  diversion  began,  the  collected 


. 
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TABLE  IV 


EFFECT  OF  THORACOTOMY  ON  MEAN  HEIDENHAIN  POUCH  SECRETION  OF 
GROUP  A  ENTERECTOMISED  AND  ANTRECTOMISED  DOGS 


Antrectomy 

Thoracotomy 

Difference 

% 

P  Value 

6-Hour  Post-Prandial 

* 

Volume 

3.5 

3.4 

-2.86 

N.S. 

Free  Acid^ 

13.1 

14.6 

+11.45 

N.S  . 

Total  Acid^ 

86.0 

98.2 

+14.19 

<0.05 

■k 

Volume  in  ml. 

^  Acid  in  mEq./L. 


' 
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TABLE  V 


EFFECT  OF 
OF 


LYMPH  DIVERSION  ON  MEAN  HEIDENHAIN  POUCH  SECRETION 
GROUP  A  ENTERECTOMISED  AND  ANTRECTOMISED  DOGS 


Antrectomy 

Lymph 

Diversion 

Difference 

% 

P  Value 

3-Hour  Post-Prandial 

* 

Volume 

2 . 0 

0.27 

-86.45 

<  0.05 

i 

Free  Acid 

6.8 

0 

-100 . 00 

N.S. 

Total  Acid^ 

57.2 

1.40 

-97.55 

<0.01 

* 

Volume  in  ml. 

•f* 

Acid  in  mEq./L. 


• 
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TABLE  VI 


EFFECT  OF  LYMPH  REINFUSION  ON  MEAN  HEIDENHAIN  POUCH  SECRETION 
OF  GROUP  A  DOGS  WITH  ENTERECTOMY ,  ANTRECTOMY  AND 

LYMPH  DIVERSION 


Lymph 

Diversion 

Lymph 

Reinfusion 

Difference 

% 

P  Value 

3-Hour  Post-Prandial 

* 

Volume 

0.27 

0.51 

+86.72 

N.S. 

.  "f* 

Free  Acid 

0 

0 

0 

N.S. 

Total  Acid^ 

1.4 

4.10 

+192.86 

N.S. 

* 

Volume  in  ml. 

^  Acid  in  mEq./L. 


• 

24  Hour  Fasting  Heidenhain  Pouch 
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Mean  8  Hour  Fasting  Heidenhain  Pouch 
Secretion 

°  o  Control  Period 

ft  ft  Enterectomy  (65%) 

Antrectomy 
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0  12345678 

TIME  IN  HOURS 


FIGURE  9.  Comparison  of  the  mean  hourly  H.  P.  secretion  of  group  A  dogs  in  the 
fasting  period.  Enterectomy  had  no  significant  effect  on  the  mean 
volume  but  significantly  increased  the  mean  free  and  total  acids. 
Antrectomy  markedly  decreased  these  parameters  in  the  enterectomised 
dogs. 
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Mean  8  Hour  Post  -  Prandial  Heidenhain 
Pouch  Secretion 
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FIGURE  10  .  Comparison  of  the  mean  hourly  H.P.  secretion  of  group  A  dogs  in  the 
post-prandial  period.  Enterectomy  significantly  increased  the  mean 
volume,  and  free  and  total  acids,  whereas  antrectomy  markedly 
decreased  these  parameters  in  the  enterectomised  dogs.  Lymph 
diversion  further  decreased  the  mean  volume,  and  free  and  total  acids 
in  the  enterectomised  and  antrectomised  dogs.  Lymph  reinfusion  had 
no  significant  effect  on  these  parameters  in  dogs  with  lymph  diversion. 
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Mean  8  Hour  Post  -  Prandial  Heidenhain 
Pouch  Secretion 
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FIGURE  11.  Effect  of  thoracotomy  on  the  mean  hourly  post-prandial  H.P.  secretion 
of  group  A  enterectomised  and  antrectomised  dogs.  Thoracotomy  had 
no  significant  effect  on  the  mean  volume,  and  free  and  total  acids  of 
the  H.P.  secretion  in  these  dogs. 
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lymph  was  reinfused  back  to  the  dogs  over  a  period  of  three 
hours  by  the  intravenous  route.  During  the  lymph  reinfusion, 
the  rectal  temperatures  of  the  dogs  were  recorded  half-hourly. 

No  significant  fluctuation  of  temperature  was  noted.  While 
the  lymph  was  being  reinfused,  Heidenhain  pouch  secretion  was 
collected  for  another  three  hours.  It  was  observed  that  the 
Heidenhain  pouch  secretion  in  this  period  remained  the  same  as 
before  reinfusion  of  the  diverted  lymph  (Figure  10)  . 

II.  Heidenhain  Pouch  Secretion  of  Group  B  Animals 

A.  Antrectomy  (Table  VII) .  Antrectomy  is  known  to  lead 
to  a  marked  decrease  of  gastric  secretion  both  in  human  beings 
and  animals.  The  results  of  our  experiments  showed  no  exception. 
There  was  a  significant  decrease  in  the  24-hour  post-prandial 
secretion  as  compared  with  the  control  phase,  with  a  mean  volume 
of  76.57%  (p  <  0.05),  mean  free  acid  of  82.31%  (p  <  0.01)  and 
mean  total  acid  of  72.19%  (p  <  0.01) (Figure  12).  Though  there 
was  no  significant  change  in  the  mean  volume  of  the  24-hour 
fasting  secretion,  both  its  mean  free  acid  and  total  acid  had 
a  significant  decrease.  The  results  were  16.36%  decrease  in 
mean  volume  (N.S.),  93.77%  decrease  in  mean  free  acid  (p  <  0.05) 
and  64.77%  decrease  in  mean  total  acid  (p  <  0.05)  (Figure  13)  . 

Similarly,  the  6-hour  post-prandial  Heidenhain  pouch 
secretion  showed  a  marked  decrease  of  64.27%  (p  <  0.05)  ,  89.19% 

(p  <  0.01)  and  80.15%  (p  <  0.01)  in  mean  volume,  free  acid  and 
total  acid  respectively  in  this  antrectomy  phase  (Figure  14)  . 
However,  the  6-hour  fasting  secretion  did  not  have  significant 


' 
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TABLE  VII 


EFFECT  OF  ANTRECTOMY  ON  MEAN  HEIDENHAIN  POUCH  SECRETION  OF 

GROUP  B  DOGS 


Control 

Antrectomy 

Difference 

% 

P  Value 

24-Hour  Fasting 

★ 

Volume 

27.50 

23 . 00 

-16.36 

N.S. 

t 

Free  Acid 

13.65 

0.85 

-93.77 

<0.05 

,  + 

Total  Acid 

27.25 

9.60 

-64.77 

<0.05 

24-Hour  Post-Prandial 

Volume  139.80 

32.70 

-76.57 

<0.05 

Free  Acid  93.00 

16.45 

-82.31 

<0.01 

Total  Acid  113.80 

31.65 

-72.19 

<0.01 

6-Hour  Fasting 

Volume 

10.12 

5.91 

-41.6 

N.S. 

Free  Acid 

58.00 

17.80 

-69.31 

N.S. 

Total  Acid 

131.00 

54.30 

-58.55 

N.S. 

6-Hour  Post- 

Prandial 

Volume 

25.75 

9.20 

-64.27 

<0.05 

Free  Acid 

390.30 

42.20 

-89.19 

<0.01 

Total  Acid 

494.78 

98.20 

-80.15 

<0.01 

* 

Volume  in  ml. 

+  Acid  in  mEq./L. 
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FIGURE  12.  Comparison  of  the  24  hour  post-prandial  H.P.  secretion  of  group  B 
dogs.  Antrectomy  markedly  decreased  the  mean  volume,  and  free 
and  total  acids  of  the  H.P.  secretion.  Enterectomy  had  no  significant 
effect  on  the  mean  volume  and  free  acid,  but  significantly  increased 
the  mean  total  acid  of  the  H.  P.  secretion  of  antrectomised  dogs. 
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FIGURE  13.  Comparison  of  the  24  hour  fasting  H.P.  secretion  of  group  B  dogs. 

Antrectomy  had  no  significant  effect  on  the  mean  volume  but 
markedly  decreased  the  mean  free  and  total  acids  of  the  H.  P.  secretion. 
Enterectomy  had  no  significant  effect  on  the  mean  volume,  and  free 
and  total  acids  of  the  H.P.  secretion  of  antrectomised  dogs. 
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FIGURE  14 .  Comparison  of  the  mean  hourly  H.P.  secretion  of  group  B  dogs  in  the 
post-prandial  period.  Antrectomy  markedly  decreased  the  mean  volume, 
and  free  and  total  acids  of  the  H.  P.  secretion.  Enterectomy  signifi¬ 
cantly  increased  these  parameters  in  the  antrectomised  dogs.  Lymph 
diversion  markedly  decreased  the  mean  volume,  and  free  and  total 
acids  in  the  antrectomised  and  enterectomised  dogs,  whereas  lymph 
reinfusion  had  no  significant  change  in  these  parameters  of  the  H.  P. 
secretion  in  dogs  with  lymph  diversion. 
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Mean  8  Hour  Fasting  Heidenhain  Pouch 
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FIGURE  15.  Comparison  of  the  mean  hourly  H.P.  secretion  of  group  B  dogs  in 
the  fasting  period.  Antrectomy  had  no  significant  effect  on  the 
mean  volume,  and  free  and  total  acids  of  the  H.  P.  secretion. 
Enterectomy  had  no  significant  effect  on  the  mean  volume,  but 
markedly  increased  the  mean  free  and  total  acids  of  the  H.  P. 
secretion  of  the  antrectomised  dogs. 
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change  as  compared  with  the  control  (Figure  15) . 

B •  Effect  of  Enterectomy  on  Heidenhain  Pouch  Secretion 
of  Antrectomised  Dogs  (Table  VIII).  65%  small  intestinal 
resection  was  performed  in  the  hyposecreting,  antrectomised 
dogs.  After  enterectomy,  there  was  a  significant  increase  in 
the  6-hour  Heidenhain  pouch  secretion  as  shown  by  the  11.68% 
rise  in  mean  volume  (N.S.),  227.53%  in  mean  free  acid  (p  < 

0.01)  and  135.54%  in  mean  total  acid  (p  <  0.01)  of  the  fasting 
secretion  (Figure  15)  and  a  50%  increase  in  mean  volume  (p  < 
0.05),  345.73%  in  mean  free  acid  (p  <  0.01)  and  206.11%  in 
mean  total  acid  (p  <  0.01)  of  the  post-prandial  Heidenhain 
pouch  secretion  (Figure  14) . 

In  the  24-hour  fasting  secretion,  a  16.96%  decrease  in 
mean  volume  (N.S.),  194.12%  increase  in  free  acid  (N.S.)  and 
86.98%  increase  in  mean  total  acid  (N.S.)  resulted  (Figure  13). 

In  the  24-hour  post-prandial  secretion,  an  increase  of 
25.65%  in  mean  volume  (N.S.),  136.47%  in  mean  free  acid  (N.S.) 
and  82.31%  in  mean  total  acid  (p  <  0.05)  occurred  (Figure  12). 

C.  Effect  of  Thoracic  Duct  Cannulation,  Lymph  Diversion 

i 

and  Lymph  Reinfusion  on  Heidenhain  Pouch  Secretion  of  Antrec¬ 

tomised  and  Enterectomised  Dogs  (Tables  IX  and  X) .  Thoracic 
duct  cannulation,  lymph  diversion  and  lymph  reinfusion  were 
carried  out  in  this  group  of  animals  as  in  Group  A.  When  the 
lymph  was  diverted  there  was  a  sudden  drop  of  93.94%  in  mean 
volume  (p  <  0.05),  84.13%  in  mean  free  acid  (N.S.)  and  84.29% 
in  mean  total  acid  (p  <  0.05)  of  the  3-hour  Heidenhain  pouch 
post-prandial  secretion  (Figure  14)  . 
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TABLE  VIII 


EFFECT  OF  ENTERECTOMY  ON  MEAN  HEIDENHAIN  POUCH  SECRETION  OF 

GROUP  B  ANTRECTOMISED  DOGS 


Antrectomy 

Enterectomy 

Difference 

% 

P  Value 

24-Hour  Fasting 

* 

Volume 

23.00 

19.10 

-16.96 

N.S. 

Free  Acid^ 

0.85 

2.50 

+194.12 

N.S. 

.  i 

Total  Acid 

9.60 

17.95 

+86.98 

N.S. 

24-Hour  Post-Prandial 

Volume 

32.70 

41.15 

+25.65 

N.S. 

Free  Acid 

16.45 

38.90 

+136.47 

N.S. 

Total  Acid 

31.65 

57.70 

+82.31 

< 

0.05 

6-Hour  Fasting 

Volume 

5.91 

6 . 6 

+11.68 

N.S. 

Free  Acid 

17.80 

58.3 

+227.53 

< 

0.01 

Total  Acid 

54.30 

127.9 

+135.54 

< 

0.01 

6-Hour  Post-Prandial 

Volume 

9.20 

13.8 

+  50.0 

< 

0.05 

Free  Acid 

42.20 

188.1 

+345.73 

< 

0.01 

Total  Acid 

98.20 

300.6 

+206.11 

< 

0.01 

★ 

Volume  in  ml. 
Acid  in  mEq./L. 
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TABLE  IX 


EFFECT  OF  LYMPH  DIVERSION  ON  MEAN  HEIDENHAIN  POUCH  SECRETION 
OF  GROUP  B  ANTRECTOMISED  AND  ENTERECTOMISED  DOGS 


Enterectomy 

Lymph 

Diversion 

Difference 

% 

P  Value 

3-Hour  Post-Prandial 

* 

Volume 

7.1 

0.43 

-93.94 

<  0.05 

p  i 

Free  Acid 

83.8 

13.30 

-84.13 

N.S  . 

Total  Acid^ 

141.1 

22.17 

-84.29 

<  0.05 

* 

Volume  in  ml. 

+ 

Acid  in  mEq./L. 


' 
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TABLE  X 


EFFECT  OF  LYMPH  RE INFUSION  ON  MEAN  HEIDENHAIN  POUCH  SECRETION 
OF  GROUP  B  DOGS  WITH  ANTRECTOMY,  ENTERECTOMY  AND 

LYMPH  DIVERSION 


Lymph 

Diversion 

Lymph 

Reinfusion 

Difference 

% 

P  Value 

3-Hour  Post-Prandial 

* 

Volume 

0.43 

0.20 

-53.48 

N.S. 

Free  Acid 

13.30 

0 

-100 .00 

N.S. 

Total  Acid^ 

22.17 

0 

-100.00 

N.S. 

* 

Volume  in  ml. 

•j* 

Acid  in  mEq./L. 


. 

. 
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During  the  reinfusion  of  lymph,  the  last  three  collec¬ 
tions  of  the  6-hour  post-prandial  Heidenhain  pouch  secretion, 
the  mean  volume,  free  acid  and  total  acid  remained  the  same  as 
before  the  reinfusion  (Figure  14) . 

D .  Effects  of  Sham  Operations  (Sham  Enterectomy  and 
Thoracotomy)  on  Heidenhain  Pouch  Secretion  (Tables  XI  and  XII) . 
Four  dogs  in  Group  B  underwent  sham  operations  (sham  enterec¬ 
tomy  and  thoracotomy) .  It  was  found  that  neither  of  these  two 
sham  operations  had  significant  effect  on  the  Heidenhain  pouch 
secretion  (Figures  16,  17,  18  and  19). 

III.  Heidenhain  Pouch  Secretion  of  Group  C  Dogs 

A.  Effect  of  65%  Small  Intestinal  Resection  (Table  XIII) . 
As  in  Group  A  dogs,  massive  small  intestinal  resection  in  this 
group  brought  forth  significant  hypersecretion.  The  24-hour 
post-prandial  Heidenhain  pouch  secretion  showed  an  increase  of 
124.75%  in  mean  volume  (p  <  0.05),  207.5%  in  free  acid  (p  < 

0.01)  and  98.01%  in  total  acid  (p  <  0.01)  (Figure  20).  How¬ 
ever,  as  in  Group  A,  there  was  no  significant  change  in  the 
24-hour  fasting  Heidenhain  pouch  secretion  (Figure  21) . 

A  similar  increase  of  193.75%  in  mean  volume,  100%  in 
mean  free  acid  and  428.57%  in  mean  total  acid  was  also  seen  in 
the  6-hour  fasting  Heidenhain  pouch  secretion  (p  <  0.01) 

(Figure  22) .  In  the  6-hour  post-prandial  Heidenhain  pouch 
secretion,  an  increase  of  144.44%  (p  <  0.05)  ,  247.49%  (p  < 

0.01)  and  136.4%  (p  <  0.01)  occurred  in  the  mean  volume,  free 
acid  and  total  acid  respectively  (Figure  23) . 
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TABLE  XI 


EFFECT  OF  SHAM  ENTERECTOMY  ON  MEAN  HEIDENHAIN  POUCH  SECRETION 

OF  GROUP  B  ANTRECTOMISED  DOGS 


Antrectomy 

Sham 

Enterectomy 

Difference 

% 

P  Value 

24-Hour  Fasting 

* 

Volume 

15 .0 

15 .0 

0 

N.S. 

i 

Free  Acid 

0 

0 

0 

N.S. 

.  f 

Total  Acid 

3.5 

1.5 

-57.14 

N.S. 

24-Hour  Post-Prandial 

Volume  28.2 

27.2 

-3.54 

N.S. 

Free  Acid 

11.0 

13.0 

+18.18 

N.S. 

Total  Acid 

28.0 

29.0 

+  3.57 

N.S  . 

6-Hour  Fasting 

Volume 

2.6 

1.7 

-32.55 

N.S  . 

Free  Acid 

0 

0 

0 

N.S. 

Total  Acid 

22.9 

19.9 

-13.10 

N.S  . 

6-Hour  Post-Prandial 

Volume  3.9 

4.4 

+12.82 

N.S. 

Free  Acid 

0 

0 

0 

N.S  . 

Total  Acid 

55.2 

64.9 

+15.57 

N.S  . 

★ 

Volume  in  ml. 

t 

Acid  in  mEq./L. 


• 
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TABLE  XII 


EFFECT  OF  THORACOTOMY  ON  MEAN  HEIDENHAIN  POUCH  SECRETION  OF 
GROUP  B  ANTRECTOMISED  AND  ENTERECTOMISED  DOGS 


Enterectomy 

Thoracotomy 

Difference 

% 

P  Value 

6-Hour  Post-Prandial 

-k 

Volume 

9.5 

9.6 

+  1.05 

N.S. 

Free  Acid^ 

227.6 

206.1 

-9.21 

N.S . 

+ 

Total  Acid 

348.6 

344.8 

i 

i—* 

• 

o 

N.S. 

* 

Volume  in  ml. 

•j* 

Acid  in  mEq./L. 
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FIGURE  17.  Effect  of  sham  enterectomy  on  the  mean  24  hour  fasting  H.  P. 

secretion  of  group  B  dogs.  Sham  enterectomy  had  no  significant 
effect  on  the  mean  volume,  and  free  and  total  acids  of  the  H.  P. 
secretion  in  the  antrectomised  dogs. 
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Mean  8  Hour  Post  -  Prandial  Heidenhain 
Pouch  Secretion 

•  •  Antrectomy 

O - O  Sham  Enterectomy 

^  ^  Enterectomy  (65%) 

2.5-j  .  Thoracotomy 
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Fl  GURE  18  .  Effect  of  sham  operation  (sham  enterectomy  and  thoracotomy)  on 
the  mean  hourly  volumes,  and  free  and  total  acids  of  the  post¬ 
prandial  H.P.  secretion  of  group  B  dogs.  Sham  enterectomy  had  no 
significant  effect  on  the  H.  P.  secretion  of  antrectomised  dogs. 
Thoracotomy  had  no  significant  effect  on  the  H.  P.  secretion  in 
antrectomised  and  enterectomised  dogs.  Similar  changes  were 
observed  in  the  mean  free  and  total  acids. 
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Mean  8  Hour  Fasting  Heidenhain  Pouch 
Secretion 
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FIGURE  19.  Effect  of  sham  enterectomy  on  the  mean  hourly  H.P.  secretion  of 
group  B  dogs  in  the  fasting  period.  Sham  enterectomy  had  no 
significant  effect  on  the  mean  volume,  and  free  and  total  acids  of 
the  H.  P.  secretion  in  the  antrectomised  dogs. 
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B .  Effect  of  Thoracic  Duct  Cannulation ,  Lymph  Diversion 
and  Lymph  Reinfusion  on  Heidenhain  Pouch  Secretion  of  Enterec- 

tomised  Dogs  (Tables  XIV  and  XV) .  Thoracic  duct  cannulation, 
lymph  diversion  and  lymph  reinfusion  were  performed  during 
the  6-hour  post-prandial  Heidenhain  pouch  secretion  in  these 
hyper secreting ,  small  intestinal  resected  dogs.  During  the 
first  three  hours  of  the  collection  period,  lymph  diversion 
was  carried  out  and  the  diverted  lymph  was  collected.  Immed¬ 
iately  after  the  third  collection,  all  the  diverted  lymph  was 
reinfused  back  to  the  animals  over  a  period  of  three  hours  via 
the  intravenous  route. 

When  the  lymph  was  diverted,  there  was  an  abrupt  drop 
of  87.22%  in  mean  volume  (N.S.),  98.43%  in  mean  free  acid 
(p  <  0.05)  and  92.9%  in  mean  total  acid  (p  <  0.05)  of  the 
3-hour  Heidenhain  pouch  secretion  as  compared  with  the  hyper- 
secreting  state  (Figure  23) . 

During  the  period  of  lymph  reinfusion,  a  marked  rise 
of  Heidenhain  pouch  secretion  back  to  its  hypersecreting  state 
resulted.  On  comparing  this  period  of  pouch  secretion  with 
the  first  three  collections,  where  only  lymph  diversion  was 
taking  place,  a  791.3%  increase  in  the  mean  volume  (p  <  0.01), 
4,625.71%  increase  in  mean  free  acid  (p  <  0.05)  and  1,136.32% 
increase  in  mean  total  acid  (p  <  0.05)  occurred  in  the  hourly 
post-prandial  Heidenhain  pouch  secretion  (Figure  23) . 


■ 
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TABLE  XIII 


EFFECT  OF  ENTERECTOMY  ON  MEAN  HEIDENHAIN  POUCH  SECRETION  OF 

GROUP  C  DOGS 


Control 

Enterectomy 

Difference 

% 

P  Value 

24-Hour  Fasting 

* 

Volume 

15.62 

21.  87 

+40 . 00 

N.S. 

Free  Acid^ 

0 

0 

0 

N.S. 

Total  Acid^ 

3.25 

14.87 

+357.69 

N.S  . 

24-Hour  Post-Prandial 

Volume 

24.75 

55.62 

+124.75 

<0.05 

Free  Acid 

25.00 

76.80 

+207.50 

<0.01 

Total  Acid 

50.25 

99.50 

+98.01 

<0.01 

6-Hour  Fasting 

Volume 

1.6 

4.7 

+193.75 

<0.01 

Free  Acid 

0 

130.1 

— 

<0.01 

Total  Acid 

46.2 

244.2 

+428.57 

<0.01 

6-Hour  Post-Prandial 

Volume 

8.1 

19.80 

+144.44 

<0.05 

Free  Acid 

147.6 

512.90 

+247.49 

<0.01 

Total  Acid 

258.8 

611.86 

+136.40 

<0.01 

* 

Volume  in  ml. 

+  Acid  in  mEq./L. 


•• 
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TABLE  XIV 


EFFECT  OF  LYMPH  DIVERSION  ON  MEAN  HEIDENHAIN  POUCH  SECRETION 

OF  GROUP  C  ENTERECTOMISED  DOGS 


Enterectomy 

Lymph 

Diversion 

Difference 

% 

P  Value 

3-Hour  Post-Prandial 

* 

Volume 

7.2 

0.92 

-87.22 

N.S. 

i 

Free  Acid 

222.7 

3 .50 

-98.43 

<  0.05 

,  + 

Total  Acid 

282.9 

20.10 

-92.90 

<0.05 

* 

Volume  in  ml . 

1* 

Acid  in  mEq./L. 


■ 
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TABLE  XV 


EFFECT  OF  LYMPH  REINFUSION  ON  MEAN  HEIDENHAIN  POUCH  SECRETION 


OF  GROUP  C  DOGS  WITH  ENTERECTOMY  AND  LYMPH  DIVERSION 


Lymph 

Diversion 

Lymph 

Reinfusion 

Difference 

% 

P  Value 

3-Hour  Post-Prandial 

* 

Volume 

0.92 

8.2 

+791.30 

<  0.01 

•f* 

Free  Acid 

3.50 

165.4 

+4625.71 

<  0.05 

Total  Acid^ 

20.10 

248.5 

+1136.32 

<  0.05 

* 

Volume  in  ml. 

t 

Acid  in  mEq./L. 


■ 

Mean  24  Hour  Post-  Prandial  Heidenhain 
Pouch  Secretion 

I  I  Control  Period 

Enterectomy  (65%) 
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FIGURE  20.  Effect  of  enterectomy  on  the  mean  24  hour  post-prandial  H.P. 

secretion  of  group  C  dogs.  Enterectomy  markedly  increased  the 
mean  volume,  and  free  and  total  acids  of  the  H.P.  secretion. 
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FIGURE  21.  Effect  of  enterectomy  of  the  mean  24  hour  fasting  H.P.  secretion  of 
group  C  dogs.  Enterectomy  had  no  significant  effect  on  the  mean 
volume,  and  free  and  total  acids  of  the  H.  P.  secretion. 
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FIGURE  22. 


Effect  of  enterectomy  on  the  mean  hourly  fasting  H.P.  secretion  of 
group  C  dogs.  Enterectomy  markedly  increased  the  mean  volume, 
and  free  and  total  acids  of  the  H.  P.  secretion. 
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FI GURE  2  3  .  Comparison  of  the  mean  hourly  H.  P.  secretion  of  group  C  dogs  in  the 
post-prandial  period.  Enterectomy  markedly  increased  the  mean 
volume,  and  free  and  total  acids.  Lymph  diversion  had  no  significant 
effect  on  the  mean  volume,  but  markedly  decreased  the  mean  free 
and  total  acids  of  the  H.  P.  secretion  of  enterectomised  dogs. 
Reinfusion  of  diverted  lymph  significantly  increased  the  mean 
volume,  and  free  and  total  acids. 
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IV.  Effect  of  65%  Small  Intestinal  Resection  on  Liver  Function 

Studies,  Liver  Histology  and  Hemoglobin  in  Dogs  (Table  XVI , 
Figures  24  and  25) 

The  liver  function  tests  that  were  used  in  this  study 
were  Bromsulphalein  (B.S.P.)  retention  test,  serum  total  pro¬ 
tein  and  albumin-globulin  ratio.  As  the  data  of  normal 
albumin-globulin  ratio  varies  widely  with  individual  dogs, 
the  findings  of  this  ratio  in  the  control  period  of  the  exp¬ 
eriment  were  taken  as  the  normal  value. 

Hemoglobin  levels,  liver  function  tests  and  liver 
biopsies  were  performed  in  the  control  period.  They  were 
repeated  4-6  weeks  after  massive  small  bowel  resection. 

It  was  observed  that  massive  intestinal  resection  had 
no  significant  effect  on  the  hemoglobin,  liver  function  tests 
and  liver  histology. 

V.  Barium  Meal  Studies  on  Gastric  Emptying  Time  in  Pre-  and 

Post-Intestinal  Resected  Dogs 

Gastric  emptying  time  of  dogs  was  studied  by  the  use  of 
radiological  barium  meal  studies.  Complete  emptying  was  con¬ 
sidered  to  have  occurred  when  only  traces  of  barium  remained 
in  the  stomach.  The  normal  average  gastric  emptying  time  of 
barium  meal  of  dogs  with  a  Heidenhain  pouch  was  about  three 
hours  (Figure  26) . 

Barium  meal  studies  were  repeated  after  65%  resection  of 
small  intestine.  It  was  noted  that  enterectomy  had  no  detect¬ 
able  effect  on  barium  meal  gastric  emptying  time  (Figure  27) . 
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TABLE  XVI 


EFFECT  OF  ENTERECTOMY  ON  MEAN  LIVER  FUNCTION  TESTS  AND  MEAN 

HEMOGLOBIN  LEVEL  OF  GROUP  A  DOGS 


Control 

Enterectomy 

Difference 

% 

P  Value 

B.S.P. * 

3.3 

3.48 

+  5.45 

N.S. 

■j* 

Total  Protein 

6.42 

6.37 

-0.77 

N.S. 

Albumin-Globulin 

0.87/1 

0.92/1 

+  5.74 

N.S . 

Hemoglobin4- 

13.48 

13.35 

-0.96 

N.S. 

B.S.P.  in  percentage  of  retention 
Total  protein  in  gm.  per  100  ml. 
Hemoglobin  in  gm.  per  100  ml. 


• 
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FIGURE  24.  LIVER  BIOPSY  OF  DOG  NO.  1125  IN  THE  CONTROL 
PERIOD.  NORMAL.  X  100  (SUDAN  IV  STAIN). 
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FIGURE  25.  LIVER  BIOPSY  OF  DOG  NO.  1125  AT  6  WEEKS  AFTER 

ENTERECTOMY.  NO  SIGNIFICANT  CHANGE  AS  COMPARED 
WITH  THE  CONTROL  PERIOD.  X  100  (SUDAN  IV  STAIN) . 
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FIGURE  26.  BARIUM  MEAL  GASTRIC  EMPTYING  STUDY  IN  THE 
CONTROL  PERIOD  OF  DOG  NO  1284:  (A)  X-RAY 

PICTURE  TAKEN  IMMEDIATELY  AFTER  BARIUM 
MEAL  WAS  SWALLOWED.  (B)  X-RAY  PICTURE 
TAKEN  3  HOURS  LATER  SHOWED  COMPLETE 
EMPTYING  OF  THE  STOMACH. 


80 


FIGURE  27.  BARIUM  MEAL  GASTRIC  EMPTYING  STUDY  IN  THE 
POST-ENTERECTOMY  PERIOD  OF  DOG  NO.  1284: 

(A)  X-RAY  PICTURE  TAKEN  IMMEDIATELY  AFTER 
THE  BARIUM  WAS  SWALLOWED.  (B)  X-RAY 
PICTURE  TAKEN  3  HOURS  LATER  SHOWED  COMPLETE 
EMPTYING  OF  THE  STOMACH. 
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DISCUSSION 

The  findings  of  this  study  clearly  demonstrate  that 
after  an  extensive  resection  of  the  small  intestine,  a  sharp 
rise  of  Heidenhain  pouch  secretion  occurs,  and  that  antrectomy 
before  or  after  enterectomy  can  markedly  reduce  this  hyperse¬ 
cretion.  Though  antrectomy  can  prevent  gastric  hypersecretion 
after  small  intestinal  resection,  it  is  interesting  to  note 
that  small  intestinal  resection  in  an  antrectomised  dog  can 
still  bring  forth  a  higher  Heidenhain  pouch  secretion  than  in 
the  animal  with  only  an  antrectomy  (Group  B  dogs.  Table  VIII). 
It  is  upon  this  observation  that  our  hypothesis  on  the  mech¬ 
anism  of  gastric  hypersecretion  following  massive  small  intes¬ 
tinal  resection  will  be  based. 

Certain  factors  involving  stimulation  or  decreased 
inhibition  of  the  gastric  acid  secretion  are  most  likely  to 
play  an  important  part  in  the  mechanism  of  gastric  hyperse¬ 
cretion  following  massive  small  intestinal  resection.  These 
factors  are  discussed  below. 

I.  Consideration  of  the  Loss  of  Inhibitors 

A  number  of  substances  secreted  by  or  into  the  gastro¬ 
intestinal  tract  have  been  demonstrated  to  have  inhibitory 
effects  on  gastric  secretion.  These  substances  include  gas- 
trone,  enterogastrone ,  secretin,  serotonin,  cholecystokinin , 
bile,  histaminase  and  other  unidentified  chalones. 

A.  Gastrone  and  Chalone.  Brunschwig  and  associates 


. 
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(14,  15)  were  the  first  to  demonstrate  that  human  gastric 
juice  contains  a  substance  capable  of  inhibiting  gastric  acid 
secretion.  They  called  this  inhibitory  substance  ' gastrone'. 
This  was  later  proved  by  others  (59) ,  who  also  found  that  the 
same  substance,  or  a  substance  of  similar  action,  was  present 
in  human  saliva. 

Menguy  et  al .  (88)  have  shown  that  a  certain  acid  inhib¬ 

itor  is  derived  from  the  antral  mucous,  while  Harrison  et  al. 
(56)  and  Thompson  et  al .  (120)  have  extensively  studied  a  pos¬ 

sible  antral  chalone.  When  a  large  portion  of  the  small 
intestine  has  been  resected,  the  loss  of  absorption  of  such 
inhibitory  factors  could  represent  the  mechanism  producing 
hypersecretion.  If  loss  of  these  antral  gastric  inhibitors 
played  an  important  part  in  producing  hypersecretion,  antrec¬ 
tomy  should  lead  to  further  hypersecretion,  but  it  was  not  so 
in  our  experimental  findings.  Our  dogs  with  intestinal  resec¬ 
tion  (Group  A)  stopped  hypersecreting  after  antrectomy.  This 
suggests  that  probably  the  presence  of  an  antral  gastric 
secretory  hormone,  gastrin  or  others,  has  greater  influence 
than  the  loss  of  antral  chalone  in  regulating  hypersecretion. 

B.  Enterogastrone .  Enterogastrone  has  been  considered 
an  inhibitor  of  gastric  secretion.  Ever  since  it  was  first 
described  by  Kosaka  and  Lim  (73)  in  1930,  its  existence  has 
been  increasingly  questioned  (39) .  It  is  generally  thought  to 
be  released  by  the  presence  of  fat  in  the  upper  small  intes¬ 
tine.  However,  we  are  uncertain  that  fat  plays  a  significant 
role  in  the  regulation  of  the  twenty-four  hour  gastric  secre- 
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tion,  particularly  when  it  has  been  shown  that  fat  does  not 
affect  the  total  output  of  acid  and  pepsin  in  response  to  food 
though  they  can  delay  the  peak  gastric  secretion. 

C.  Secretin  and  Cholecystokinin.  Both  secretin  and 
cholecystokinin  are  released  from  the  upper  intestine.  Besides 
their  respective  actions  on  the  pancreas  and  gall  bladder,  they 
have  been  discovered  to  have  inhibitory  action  on  gastric  secre¬ 
tion  (35,  38,  71).  In  our  experimental  animals,  we  only  resec¬ 
ted  the  small  intestine  from  a  point  two  feet  distal  to  the  liga¬ 
ment  of  Treitz  to  a  point  one  foot  proximal  to  the  ileocecal 
valve,  which  means  that  the  duodenum  and  upper  two  feet  of  jeju¬ 
num  were  intact.  With  this  portion  of  upper  small  intestine 
undisturbed,  the  secretion  of  secretin  and  cholecystokinin 
should  then  not  be  affected.  Yet  gastric  hypersecretion  still 
occurred  in  our  resected  animals.  In  addition,  Osborne  et  al. 

(96)  demonstrated  that  the  lower,  rather  than  the  upper,  small 
intestinal  resection  resulted  in  a  greater  rise  in  secretion. 

D.  Serotonin.  It  has  also  been  shown  that  serotonin 
has  an  inhibitory  effect  on  gastric  secretion  (12,  57,  106,  107) 
and  that  it  exists  throughout  the  small  intestine  in  measurable 
quantities  (28) .  Serotonin  release  from  intestinal  mucosa  has 
been  observed  after  contact  with  acid  (102) ,  and  with  hypertonic 
solution  (28,  95) .  Although  a  definite  role  for  endogenous 
serotonin  in  regulating  gastric  function  has  yet  to  be  explored, 
it  is  conceivable  that  serotonin  is  liberated  during  the 
passage  of  chyme  through  the  small  intestine,  and  that  it 
possibly  acts  as  an  inhibitor  of  gastric  secretion.  After 


84 


massive  small  intestinal  resection,  there  may  be  a  quantita¬ 
tive  reduction  in  the  amount  of  serotonin  available  for  pick¬ 
up  by  the  portal  and  lymphatic  circulation  (75) . 

Yakimets  and  Bondar  (134)  suggested  that  thoracic  duct 
lymph  played  an  important  role  in  regulating  gastric  secretion 
by  transporting  gastric  secretogogues  and  inhibitors,  and 
bypassing  the  detoxifying  powers  of  the  liver.  In  this  case, 
diversion  of  thoracic  duct  lymph  may  remove  the  serotonin  and 
induce  hypersecretion,  but  our  results  showed  that  there  was 
a  marked  decrease  in  pouch  secretion  when  lymph  diversion  by 
supradiaphragmatic  thoracic  duct  cannulation  was  performed. 

E.  Bile .  Diversion  of  bile  from  the  intestinal  tract 
has  been  shown  to  bring  forth  gastric  hypersecretion  and  peptic 
ulceration  (85,  89).  Nicoloff  (92)  explained  that  this  was  due 
to  loss  of  bile  salts  which  are  believed  to  have  inhibitory 
effects  when  administered  intravenously.  After  massive  small 
intestinal  resection,  the  bile  salts  may  be  lost  because  of 
inadequate  absorptive  surface,  thus  possibly  causing  gastric 
hypersecretion . 

F.  Histaminase.  While  histaminase  is  found  throughout 
the  gastro-intestinal  tract  except  for  the  stomach  (17) ,  it 

is  observed  that  gastric  secretion  decreases  when  exogenous 
histaminase  is  administered  to  dogs  (51)  ,  and  that  histaminase 
inhibitors  augment  various  secretory  responses  (109) .  In  dogs 
after  massive  intestinal  resection,  secretion  of  histaminase 
may  be  inadequate  owing  to  removal  of  secretory  surface.  Loss 
of  its  inhibition  of  histamine  at  the  parietal  cell  level  could 
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help  to  produce  hypersecretion.  However,  there  is  no  proof 
for  the  role  of  this  substance,  and  antihis taminic  drugs, 
unless  applied  directly  to  the  mucosa,  have  no  effect  at  all 
on  the  parietal  cell  acid  secretion  (13) . 

Although  in  this  study  there  was  no  evidence  that  the 
gastric  hypersecretion  following  massive  small  intestinal 
resection  is  due  to  the  loss  of  gastric  inhibitor (s) ,  the 
author  cannot  absolutely  deny  the  possibility  of  such  an 
occurrence.  It  it  does  occur,  the  loss  of  the  inhibitory 
effect  is  likely  to  be  at  the  antral  gastrin  level  with  this 
gastric  secretory  hormone  unopposed,  rather  than  at  the  par¬ 
ietal  cells  directly.  This  hypothesis  is  supported  by  the 
findings  that  the  acid  output  of  the  small  intestinal  resec¬ 
ted  dogs  had  a  sharp  decrease  well  below  the  normal  level 
after  antrectomy  was  performed  (Table  III)  . 

II.  Consideration  of  the  Gain  of  Secretogogue ( s) 

A.  Gastric  Retention.  Antral  retention  is  known  to 
cause  gastric  hypersecretion,  apparently  because  of  prolonged 
antral  stimulation  and  resulting  gastrin  release  (52)  .  Stahl- 
gren  et  al.  (114)  proposed  that  after  massive  intestinal  resec¬ 
tion  there  was  prolonged  gastric  emptying  time  and  consequent 
antral  distension  with  increased  gastrin  release,  thus  causing 
gastric  hypersecretion.  This  proposal  has  been  disputed  by 
others  (75,  96).  The  author  measured  gastric  emptying  time  be¬ 
fore  and  after  intestinal  resection  by  radiological  barium  meal 
studies,  and  found  that  the  experimental  animals  showed  no 
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gastric  stasis  after  the  intestinal  resection,  therefore  making 
excessive  antral  effect  due  to  delayed  emptying  unlikely. 

B.  Impairment  of  Liver  Function.  The  impairment  of 
liver  function  to  inactivate  secretogogues  following  enterectomy 
is  believed  by  some  to  be  an  important  factor  (108) .  Many  other 
workers  (75,  96)  including  the  author  could  find  no  abnormalities 
in  liver  function  tests,  nor  any  abnormal  liver  histology  that 
could  explain  the  rise  of  acid  secretion  in  the  bowel  resected 
animals.  In  addition,  the  onset  of  hypersecretion  was  immediate 
in  the  resected  animals,  whereas  changes  in  secretion  due  to 
progressive  liver  damage  would  be  expected  to  be  more  gradual. 

C.  Infection.  Howe  (60)  implicated  wound  infection  as 
a  cause  for  increased  pouch  secretion,  but  this  factor  was  not 
noted  in  our  animals. 

D.  Corticosteroids .  Corticosteroids  have  been  shown 

to  increase  gastric  secretion  in  man  (37).  It  has  been  suggested 
that  adrenalin  steroid  levels  in  blood  and  urine  are  increased 
in  the  post-operative  period  (91)  and  thus  cause  hypersecretion. 
This  has  been  disputed  by  many  other  workers  (30,  96) .  In  our 
experimental  animals,  the  sham  operations  did  not  have  any 
significant  effect  on  the  acid  output  from  Heidenhain  pouches. 

If  there  were  increased  serum  corticosteroid  levels  in  the  post¬ 
operative  period,  the  sham  operations  should  also  raise  the 
corticosteroid  levels  and  cause  an  increase  in  acid  output. 

E.  Secretogogue ( s )  from  Retained  Intestine.  Diversion 
of  bile  and  pancreatic  juice  from  the  duodenum  is  known  to 
bring  about  acid  secretion  (36,  87) .  Though  it  is  not  too 
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pertinent  here,  shortening  of  the  small  intestine  by  extensive 
resection  can  make  possible  the  rapid  passage  of  duodenal  con¬ 
tents  into  the  terminal  ileum  and  colon*  This  rapid  passage 
of  duodenal  contents  of  bile,  pancreatic  juice  and  improperly 
digested  food  into  the  terminal  ileum  and  colon  may  not  only 
alter  the  pH,  but  also  stimulate  this  part  of  the  intestine 
chemically  by  the  partially  digested  protein,  carbohydrate  and 
fat,  and  physically  by  the  abnormal  distension  of  the  intestine. 

These  factors  may  call  in  normal  physiological  responses 
to  correct  the  change  of  pH,  and  to  restore  proper  digestion  of 
food  by  stimulating  the  release  of  gastric  secretogogue ( s)  from 
the  retained  intestine,  large  and  small.  It  has  been  shown  that 
introduction  of  food  into  the  duodenum  and  jejunum  (66)  or  dis¬ 
tension  (110)  of  this  section  of  intestine  excites  gastric 
secretion.  Though  the  author  is  not  aware  of  similar  experi¬ 
ments  in  the  ileum  and  colon,  this  may  cause  similar  effect  in 
this  unusual  situation  of  massive  small  intestinal  resection. 

The  hypothesis  of  the  secretion  of  a  gastric  secreto¬ 
gogue  (s)  from  the  remaining  intestine  after  an  extensive  small 
intestinal  resection  is  supported  by  findings  in  our  animals 
(Group  B)  which  showed  that  after  enterectomy  in  the  antrec- 
tomised  dogs,  there  was  a  significant  increase  in  Heidenhain 
pouch  acid  output.  The  origin  of  this  gastric  secretogogue ( s) 
cannot  be  the  antrum  as  all  the  animals  have  complete  antrectomy 
(confirmed  by  histological  examination) .  It  may  be  from  the 
retained  small  or  large  intestine.  Lai  (74)  in  1964  extracted 
gastrin  material  from  the  duodenum  of  hogs.  Similar  hormone (s) 


. 


88 


may  also  be  present  in  the  rest  of  the  small  intestine. 

Though  there  was  significant  increase  in  acid  output 
after  enterectomy  in  antrectomised  dogs,  this  acid  level  is 
still  much  lower  than  the  control  period  (Figures  12  and  14) . 
Also,  antrectomy  was  associated  with  a  reduction  of  acid  out¬ 
put  to  a  lower  level  in  the  hypersecreting  intestinal  resected 
animals  (Group  A).  It  seems,  therefore,  that  an  antral  factor, 
probably  gastrin,  is  involved  as  the  immediate  stimulus.  The 
secretogogue (s)  from  the  retained  intestine  is  perhaps  itself 
a  weak  gastric  stimulator,  which  may  act  to  potentiate  and/or 
stimulate  the  antral  gastrin  mechanism  in  producing  gastric 
hypersecretion  following  resection  of  the  small  intestine. 

This  second  hypothesis  is  supported  by  the  findings  of 
the  effect  of  diverson  and  reinfusion  of  thoracic  duct  lymph 
in  our  experimental  animals. 

Yakimets  and  Bondar  (134)  have  shown  that  thoracic  duct 
lymph  plays  an  important  role  in  regulating  gastric  secretion 
by  carrying  some  gastric  secretogogue (s)  and  perhaps  bypassing 
the  detoxifying  powers  of  the  liver.  They  also  demonstrated 
that  with  diversion  of  thoracic  duct  lymph  in  the  hypersecret¬ 
ing,  intestinal  resected  dogs,  a  sharp  drop  of  Heidenhain  pouch 
secretion  occurs,  and  on  reinfusion  of  the  diverted  lymph  into 
the  animals,  the  acid  output  returns  to  the  hypersecreting  state. 
The  findings  in  our  experimental  animals  (Group  C)  agreed  with 
their  observation  (Tables  XIV  and  XV,  Figure  23) .  Effect  of  the 
possible  allergic  response  of  the  experimental  dogs  during  the 
period  of  lymph  infusion  has  been  ruled  out  by  the  negative 
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findings  of  careful  observations  for  excessive  salivation,  chills 
and  rigors,  or  change  of  rectal  temperature.  It  thus  indicated 
that  a  gastric  secretogogue  is  present  in  the  thoracic  duct 
lymph.  This  gastric  secretogogue  is  probably  antral  gastrin, 
as  all  these  animals  have  intact  antral  function. 

The  same  experiment  of  lymph  diversion  and  refinusion 
was  performed  in  our  Group  A  and  Group  B  dogs,  i.e.,  animals 
with  massive  small  intestinal  resection  and  antrectomy.  Though 
there  was  marked  decrease  of  Heidenhain  pouch  secretion  when  the 
lymph  was  diverted,  no  return  of  increased  acid  output  occurred 
when  the  diverted  lymph  was  reinfused  back  to  the  animals.  The 
marked  drop  of  pouch  secretion  on  lymph  diversion  indicates  a 
loss  of  secretogogue (s)  through  the  diverted  lymph.  This 
secretogogue ( s)  cannot  be  antral  gastrin  because  all  the  animals 
have  antrectomy.  It  is  likely  to  come  from  the  retained  small 
or  large  intestine  as  pointed  out  above. 

Theoretically,  when  the  diverted  lymph  was  reinfused  back 
to  the  dogs,  there  should  be  a  return  of  Heidenhain  pouch 
secretion  to  the  level  of  pre-thoracic  duct  lymoh  diversion  as 
occurred  in  Group  C  dogs  (dogs  with  intact  antral  function) .  On 
the  contrary,  Heidenhain  pouch  secretion  of  these  animals  (dogs 
with  antrectomy,  Groups  A  and  B)  remains  on  the  same  low  level 
as  before  lymph  reinfusion.  Three  possible  explanations  can  be 
given  for  this.  Firstly,  the  heparin  which  was  added  to  prevent 
clotting  of  the  diverted  lymph  may  have  inhibitory  effect  on 
gastric  secretion  (119) .  However,  the  dose  of  heparin  used  was 
so  small  (5  mg.  per  100  cc .  of  lymph)  that  its  effect  on  gastric 
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secretion  could  be  neglected  (105) .  Secondly,  the  secreto¬ 
gogue  (s)  from  the  small  or  large  intestine  may  be  very  labile, 
and  lose  its  function  upon  being  removed  from  its  normal  cir¬ 
culation  in  the  thoracic  duct.  Lastly,  the  secretogogue ( s ) 
from  the  retained  small  or  large  intestine  is  a  weak  stimu¬ 
lator  when  acting  alone;  it  acts  to  potentiate  and/or  stimu¬ 
late  the  antral  gastrin  mechanism  to  produce  gastric  hyper¬ 
secretion  following  massive  small  intestinal  resection. 

The  findings  of  this  study  suggest  that  the  production 
of  gastric  secretogogue (s)  from  the  retained  intestine  is  a 
more  likely  factor  than  the  loss  of  gastric  inhibitor (s)  in 
the  mechanism  of  gastric  hypersecretion  following  massive 
small  intestinal  resection. 
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CONCLUSIONS 


1.  Massive  small  intestinal  resection  induces  marked  hyper¬ 
secretion  in  Heidenhain  pouch  dogs. 

2.  Antrectomy  before  or  after  enterectomy  can  prevent  or 
markedly  reduce  this  hypersecretion. 

3.  Enterectomy  is  unable  to  bring  forth  hypersecretion  in 
antrectomised  dogs,  but  it  can  still  lead  to  a  signifi¬ 
cantly  higher  Heidenhain  pouch  secretion  in  comparison 
with  the  antrectomised  phase. 

4.  Lymph  diversion  by  supradiaphragmatic  thoracic  duct  cannu- 
lation  can  markedly  decrease  Heidenhain  pouch  secretion  in 
enterectomised  dogs. 

5.  On  reinfusion  of  diverted  lymph,  a  return  of  Heidenhain 
pouch  secretion  to  the  level  of  before  lymph  diversion  can 
only  take  place  in  dogs  with  an  intact  antral  function. 

6.  Reinfusion  of  diverted  lymph  has  no  effect  on  the  Heidenhain 
pouch  secretion  in  antrectomised  and  enterectomised  dogs. 

7.  Based  on  the  above  observations,  the  author  postulates  that: 

A.  An  intact  antrum  is  essential  for  the  production  of 
hypersecretion  after  massive  small  intestinal  resec¬ 
tion.  An  antral  factor,  probably  gastrin,  is  involved 
as  the  immediate  stimulus  for  the  hypersecretion. 

B.  Massive  small  intestinal  resection  induces  the  secre¬ 
tion  of  a  certain  secretogogue ( s)  from  the  retained 
small  and/or  large  intestine.  This  secretogogue (s) 
is  likely  to  be  carried  in  the  thoracic  duct  lymph. 
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C.  This  secretogogue (s)  is  perhaps  itself  a  weak  stimu¬ 
lator  which  may  act  to  potentiate  and/or  stimulate  the 
antral  gastrin  mechanism  in  producing  gastric  hyper¬ 
secretion  following  massive  resection  of  the  small 
intestine . 


93 


BIBLIOGRAPHY 


1.  ABRAHAMS,  V.C.,  HILTON,  S.M.  and  ZBROZYNA,  A.  Active 

muscle  vasodilation  produced  by  stimulation  of  the  brain 
stem:  its  significance  in  defence  reaction.  J.  Physiol. 

(London)  154:491-513,  1960. 

2.  ANDERSON,  J.C.,  BARTON,  M.A.,  GREGORY,  R.A. ,  HARDY,  P.M., 
KENNER,  G.W.,  MACLEOD,  J.K.,  PRESTON,  J. ,  SHEPHARD,  R.C. 
and  MORLEY,  J.S.  The  antral  gastrin:  Synthesis  of 
gastrin.  Nature  204:933,  1964. 

3.  ANDERSON,  S.  Inhibitory  effect  of  hydrochloric  acid  in 
antrum  and  duodenum  on  gastric  secretory  responses  to 
test  meal  in  Pavlov  and  Heidenhain  pouch  dogs.  Acta 
Physiol.  Scand.  49:231,  1960. 

4.  ANDERSON,  S.  Inhibitory  effect  of  hydrochloric  acid  in 
antrum  and  duodenum  on  histamine-stimulated  gastric  secre¬ 
tion  in  Pavlov  and  Heidenhain  pouch  dogs.  Acta.  Physiol. 
Scand.  50:186,  1960. 

5.  ANDERSON,  S.  and  OLBE ,  L.  Inhibition  of  gastric  acid 
response  to  sham  feeding  in  Pavlov  pouch  dogs  by  acidifi¬ 
cation  of  antrum.  Acta  Physiol.  Scand.  61:55-64,  1962. 

6.  BACHRACH,  W.H.  On  the  question  of  a  pituitary-adrenal 
component  in  the  gastric  secretory  response  to  insulin 
hypoglycemia.  Gastroenterology  44:178,  1963. 

7.  BAUGH,  C.M.,  BRAVO,  J.L.,  BARCENA,  J.  and  DRAGSTEDT,  L.R. 
Studies  on  the  site  and  mechanism  of  gastrin  release. 

Arch.  Surg.  76:441,  1958. 

8.  BAUME,  P.  and  LAW,  D.H.  Investigation  of  two  possible 
modes  of  action  of  gastrone  on  endogenous  inhibitor  of 
gastric  secretion.  Am.  J.  Dig.  Dis.  11:951,  1966. 

9.  BAYLISS,  W.M.  and  STARLING,  E.H.  The  mechanism  of  pan¬ 
creatic  secretion.  J.  Physiol.  28:325,  1902. 

10.  BENNETT,  A.  Effect  of  gastrin  on  isolated  smooth  muscles 
preparations.  Nature  (London)  208:170-173,  1965. 

11.  BIBLER,  D.D.,  Jr.,  HARKINS,  H.N.  and  NYHUS ,  L.M.  Inhibi¬ 
tory  effect  of  fat  in  the  duodenum  and  upper  small 
intestine  on  exogenous  gastrin  in  stimulated  gastric 
secretion.  Surgery  60:844-846,  1966. 

12.  BLACK,  J.W.,  FISHER,  E.W.  and  SMITH,  A.N .  The  effects 
of  5-Hydroxytryptamine  on  gastric  secretion  in  anesthe¬ 
tized  dogs.  J.  Physiol.  141:27,  1958. 


' 


94 


13.  BLAIR,  D.W.  and  FORREST,  A.P.M.  Effect  of  local  anti¬ 
histamines  on  gastric  secretion  in  dogs.  Brit.  J.  Surg. 
47:425,  1960. 

14.  BRUNSCHWIG,  A.,  PROHASKA,  J.V. ,  CLARKS,  T.H.  and  KENDAL, 
E.V.  A  secretory  depressant  in  gastric  juice  of  patients 
with  pernicious  anaemia.  J.  Clin.  Invest.  18:415,  1939. 

15.  BRUNSCHWIG,  A.,  RASMUSSEN,  R. A.  CAMP,  E.J.  and  MOE ,  R. 
Gastric  secretory  depressant  in  gastric  juice.  Surgery 
12:887,  1942. 

16.  CARD,  W.I.  and  MARKS,  I.N.  The  relationship  between  the 
acid  output  of  the  stomach  following  'maximal'  histamine 
stimulation  and  the  parietal  cell  mass.  Clin.  Sci.  19: 
147,  1960. 

17.  CODE,  C.F.  Histamine  and  gastric  secretion.  In:  Hista¬ 
mine.  Ciba  Foundation  Symposium,  edited  by  G.E.W.  Wole- 
stenholme  and  C.M.  O'Connor.  Boston,  Little  and  Brown, 
472:189-219,  1956. 

18.  COX,  A. J. ,  Jr.  Stomach  size  and  its  relation  to  chronic 
peptic  ulcer.  A.M.A.  Arch.  Path.  54:407,  1952. 

19.  CRAIG,  T.V.  and  STEWART,  W.R.  Massive  bowel  resection  in 
a  patient  with  75%  gastrectomy.  Surgery  48:678,  1960. 

20.  DALE,  H.H.  and  LAID LAW,  P.P.  The  physiological  action 
of  3-amidazolyelthylamine .  J.  Physiol.  41:318,  1910. 

21.  DRAPANAS,  T. ,  MCDONALD,  J.C.  and  STEWART,  J.D.  Serotonin 
release  following  instillation  of  hypertonic  glucose  into 
the  proximal  intestine.  Ann.  Surg.  156:528,  1962. 

22.  DRYE,  J.C.  and  SCHOEN,  A.M.  Studies  on  the  mechanisms 

of  the  activation  of  peptic  ulcer  after  non-specific 
trauma:  Effect  of  cortisone  on  gastric  secretion.  Ann. 

Surg.  147:738,  1958. 

23.  EDKINS ,  J.S.  The  chemical  mechanism  of  gastric  secretion. 
J.  Physiol.  (London)  34:133-144,  1906. 

24.  ELWIN ,  C.E.  and  UVNAS,  B.  Distribution  and  local  release 
of  gastrin.  Conference  on  gastrin,  Los  Angeles.  In 
press,  1964. 

25.  EMAS,  S.  and  GROSSMAN,  M.I.  Difference  between  dogs  and 
cats  in  effect  of  large  dose  of  gastrin  on  gastric  secre¬ 
tion.  Physiologist  9:175,  1966. 

26.  FARRELL,  J.I.  and  IVY,  A.C.  Studies  on  the  motility  of 
the  transplanted  gastric  pouch.  J.  Physiol.  76:227,  1926. 


L- 


95 


27.  FELDBERG,  W.,  and  HARRIS,  G.W.  Distribution  of  histamine 
in  the  mucosa  of  the  gastro-intestinal  tract  of  the  dog. 

J.  Physiol.  (London)  120:352-364,  1953. 

28.  FELDBERG,  W.,  and  TOH ,  C.C.  Distribution  of  5-hydroxy- 
tryptamine  (serotonin,  enteramine)  in  the  wall  of  the 
digestive  tract.  J.  Physiol.  119:352,  1953. 

29.  FENG,  T.P.,  HOU,  H.C.  and  LIM,  R.K.S.  Mechanism  of  inhi¬ 
bition  of  gastric  secretion  by  fat.  Chinese  J.  Physiol. 
3:371,  1929. 

30.  FREDERIC,  P.L.,  SIZER,  J.S.  and  OSBORNE,  M.P.  Relation 
of  massive  bowel  resection  to  gastric  secretion.  New 
England  Med.  J.  272:509,  1965. 

31.  FRIESEN,  S.R. ,  TRACY,  H.J.  and  GREGORY,  R. A.  Mechanism 

of  the  gastric  hypersecretion  in  the  Zollinger-Ellison 
Syndrome:  successfuly  extraction  of  gastrin-like  activity 

from  metastases  and  primary  pancreatico-duodenal  islet 
cell  carcinoma.  Ann.  Surg.  155:167,  1962. 

32.  GILLESPIE,  I.E.  Inhibition  of  acid  secretion  by  gastrin 
extract.  In:  Gastrin.  Proceedings  of  a  conference  held 
in  September  1964  sponsored  by  the  School  of  Medicine, 
U.C.L.A.,  edited  by  M.I.  Grossman.  Berkeley  U.C.L.A. 

Press  (No.  5  U.C.L.A.  Forum  in  Medical  Sciences),  pp.  229- 
253,  1966. 

33.  GILLESPIE,  I.E.  and  GROSSMAN,  M.I.  Effect  of  acid  in 
pyloric  pouch  on  effect  of  fundic  pouch  to  injected 
gastrin.  Am.  J.  Physiol.  203:557-559,  1962. 

34.  GILLESPIE,  I.E.  and  GROSSMAN,  M.I.  Inhibition  of  gastric 
secretion  by  extracts  containing  gastrin.  Gastroenterology 
44:301-310,  1963. 

35.  GILLESPIE,  I.E.  and  GROSSMAN,  M.I.  Inhibitory  effect  of 
secretin  and  cholecystokinin  on  Heidenhain  pouch  responses 
to  gastric  extract  and  histamine.  Gut  5:342-345,  1964. 

36.  GRANT,  G.N.,  ELLIOT,  D.W.  and  GOSWITZ,  J.T.  The  role  of 
pancreatic  digestive  enzymes  in  gastric  acid  secretion. 
Surg.  Forum  13:298,  1962. 

37.  GRAY,  S.J.,  BENSON,  J.A.  Jr.,  REIFENSTEIN ,  R.W.  and  SPIRO, 
H.M.  Chronic  stress  and  peptic  ulcer.  I.  Effect  of 
corticotrophin  (ACTH)  and  cortisone  on  gastric  secretion. 
J.A.M.A.  147:1529,  1951. 

38.  GREENLEE,  H.B.,  LOUGHI ,  E.H.  GUERRERO,  J.D.,  NELSEN ,  T.S., 
EL-BEDRI,  A. L .  and  DRAGSTEDT,  L.R.  Inhibitory  effect  of 
pancreatic  secretin  on  gastric  secretion.  Am.  J.  Physiol. 
190:396,  1957. 


.  x 

>  i 


96 


39.  GREGORY,  R.A.  Enterogastrone  -  a  reappraisal  of  the  prob¬ 
lem.  Symposium  on  Gastric  Secretion  (Edmonton,  Alberta, 
Canada,  September  1965) .  London,  The  Pergamon  Press. 

40.  GREGORY,  R.A.  and  IVY,  A.C.  The  humoral  stimulation  of 
gastric  secretion.  Quart.  J.  Exp.  Physiol.  31:111,  1941. 

41.  GREGORY,  R.A.  and  TRACY,  H.J.  The  action  of  enterogas¬ 
trone  on  gastric  secretion.  J.  Physiol.  149: 58P,  1959. 

42.  GREGORY,  R.A.  and  TRACY,  H.J.  The  preparation  and  prop¬ 
erties  of  gastrin.  J.  Physiol.  149:70,  1959. 

43.  GREGORY,  R.A.  and  TRACY,  H.J.  Secretory  responses  of 
denervated  gastric  pouches.  Am.  J.  Dig.  Dis.  N.  S.  5: 

308,  1960. 

44.  GREOGRY,  R.A.  and  TRACY,  H.J.  The  preparation  and  prop¬ 
erties  of  gastrin.  J.  Physiol.  156:523,  1961. 

45.  GREGORY,  R.A.  and  TRACY,  H.J.  The  constitution  and  prop- 
eries  of  two  gastrins  extracted  from  hog  antral  mucosa. 

J.  Physiol.  (London)  169:18,  1963. 

46.  GREGORY,  R.A.  and  TRACY,  H.J.  The  constitution  and  prop¬ 
erties  of  two  gastrins  extracted  from  hog  antral  mucosa. 

I.  The  isolation  of  two  gastrins  from  hog  mucosa.  II. 

The  properties  of  two  gastrins  isolated  from  hog  antral 
mucosa.  Gut  5:103,  1964. 

47.  GREGORY,  R.A. ,  TRACY,  H.J.,  FRENCH,  J.M.  AND  SIRCUS,  W. 
Extraction  of  a  gastrin-like  substance  from  a  pancreatic 
tumour  in  a  case  of  Zollinger-Ellison  syndrome.  Lancet 
1:1045,  1960. 

48.  GREGORY,  R.A. ,  TRACY,  H.J.  and  GROSSMAN,  M.I.  As  quoted 
by  T.J.  Thompson  and  I.E.  Gillespie,  reference  no.  121. 

49.  GROSSMAN,  M.I.  Stimulation  of  acid  secretion  by  disten¬ 
tion  of  the  fundic  part  of  the  stomach.  Physiol . 3 : 6 8 , 1960 . 

50.  GROSSMAN,  M.I.  Cholinergic  potentiation  of  the  response 
to  gastrin.  J.  Physiol.  157:14P,  1961. 

51.  GROSSMAN,  M.I.,  DUTTON,  D.F.  and  IVY,  A.C.  An  attempt  to 
prevent  histamine  induced  ulcers  in  dogs  by  administration 
of  enterogastrone  extracts.  Gastroenterology  6:145,  1946. 

52.  GROSSMAN,  M.I.,  ROBERTSON,  C.R.  and  IVY,  A.C.  Proof  of 
humoral  mechanism  for  gastric  secretion:  Humoral  trans¬ 
mission  of  distentive  stimulus.  Am.  J.  Physiol.  153:1, 
1948. 


. 


* 


97 


53.  GROSSMAN,  M.I.,  ROBERTSON,  C.R.  and  IVY,  A.C.  Inhibition 
by  histaminase  of  gastric  secretion  in  dogs.  Am.  J. 
Physiol.  153:447-453,  1948. 

54.  GROSSMAN,  M.I.,  TRACY,  H.J.  and  GREGORY,  R. A.  Zollinger- 
Ellison  syndrome  in  a  Bantu  woman  with  isolation  of  a 
gastrin-like  substance  from  the  primary  and  secondary 
tumours.  II.  Extraction  of  gastrin-like  activity  from 
tumours.  Gastroenterology  41:87,  1961. 

55.  HARPER,  A. A. ,  KIDD,  C.  and  SCRATCHERD,  T.  Vago-vagal 
reflex  effects  on  gastric  and  pancreatic  secretion  and 
gastrointestinal  motility.  J.  Physiol.  (London)  148: 

417,  1959. 

56.  HARRISON,  R.C.,  LAKEY,  W.H.  and  HYDE,  H . A.  The  produc¬ 
tion  of  an  acid  inhibitor  by  the  gastric  antrum.  Ann. 
Surg.  144:441,  1956. 

57.  HAVERBACK,  B.J.,  HOGBEN ,  C.A.M.,  MORAN,  N.C.  and  TERRY, 
L.L.  Effect  of  serotonin  (5-hydroxytryptamine)  and  rela¬ 
ted  compounds  on  gastric  secretion  and  intestinal  motil¬ 
ity  in  the  dog.  Gastroenterology  32:1058,  1957. 

58.  HOLLANDER,  F.  The  insulin  test  for  the  presence  of  intact 
nerve  fibres  after  vagal  operations  for  peptic  ulcer. 
Gastroenterology  7:607,  1946. 

59.  HOOD,  R.T.  Jr.,  CODE,  C.F.  and  GRINDLAY ,  J.H.  Source  of 
a  possible  gastric  secretory  inhibitor  in  canine  gastric 
juice  and  effects  of  vagotomy  on  its  production.  Am.  J. 
Physiol.  173:270,  1953. 

60.  HOWE,  C.W.,  WIGGLESWORTH,  W.C.  and  POWELL,  W.J.  Gastric 
secretory  responses  to  surgical  stress  and  infection. 

Surg.  Forum  3:34,  1952. 

61.  IGGO,  A.  Gastric  mucosal  chemoreceptors  with  vagal 
afferent  fibres  in  the  cat.  Quart.  J.  Exp.  Physiol.  42: 
398,  1957. 

62.  INGLEFINGER,  F.  and  BRADLEY,  S.  Studies  with  B.S.P.  I. 
Its  disappearance  from  the  blood  after  a  single  injection. 
Gastroenterology  11:646,  1948. 

63.  IRVINE,  W.J.  Effect  of  gastrin  I  and  II  on  intrinsic 
factor.  Lancet  1:736,  1965. 

64.  IVY,  A.C.  The  physiology  of  gall  bladder.  Physiol.  Rev. 
14:1,  1934. 

65.  IVY,  A.C.,  GROSSMAN,  M.I.  and  BACHRACH,  W.H.  Peptic 
Ulcer,  Blakistan  Company,  Philadelphia,  p.  27,  1950. 


. 

•  I.M  %^u  aao«D  %  .D. A  x\ 


98 


66.  IVY,  A.C.,  LIM,  R.K.S.  and  MCCARTHY,  J.E.  Contributions 
to  the  physiology  of  gastric  secretion.  II.  The 
intestinal  phase  of  gastric  secretion.  Quart.  J.  Exp. 
Physiol.  15:55,  1925. 

67.  IVY,  A. C .  and  OLDBERG,  E.  Observations  on  the  cause  of 
gall  bladder  contraction  and  evacuation.  Proc.  Soc.  Exp. 
Biol,  and  Med.  25:251,  1928. 

68.  JANOWITZ,  H.D.  and  HOLLANDER,  F.  Relation  of  uropepsino- 
gen  excretion  to  gastric  pepsin  secretion  in  man.  J. 

App .  Physiol.  4:53-56,  1951. 

69.  JANOWITZ,  H.D.  and  HOLLANDER,  F.  Critical  evidence  that 
vagal  stimulation  does  not  release  gastrin.  Proc.  Soc. 
Exp.  Biol,  and  Med.  76:49-52,  1951. 

70.  JEMERIN,  E.E.  and  HOLLANDER  F.  Gastric  vagi  in  the  dog: 
Erroneous  assumption  of  uninterrupted  vagal  innervation 
in  the  Pavlov  pouches.  Proc.  Soc.  Exp.  Biol.  N.  Y.  38: 
139,  1938. 

71.  JORDON,  P.H.  and  PETERSON,  M.D.  Effect  of  secretin  upon 
gastric  secretion.  Ann.  Surg.  156:914-923,  1962. 

72.  KINNEY,  J.M.,  GOLDWYN ,  R.M.,  BARR,  J.S.  and  MOORE,  F.D. 
Loss  of  the  entire  jejenum  and  spleen  and  the  ascending 
colon.  J.A.M.A.  179:153,  1962. 

73.  KOSAKA,  T.  and  LIM,  R.K.S.  Demonstration  of  the  humoral 
agent  in  fat  inhibition  of  gastric  secretion.  Proc.  Soc. 
Exp.  Biol.  N.  Y.  27:890-891,  1930. 

74.  LAI,  K.S.  Studies  on  gastrin.  Gut  5:327,  1964. 

75.  LANDOR,  J.H.  and  BAKER,  W.K.  Gastric  hypersecretion 
produced  by  massive  small  bowel  resection  in  dogs.  J. 
Surg.  Research  4:518,  1964. 

76.  LANDOR,  J.H.,  PORTERFIELD,  J.F.  and  WOLFF,  W.S.  Correla¬ 
tion  of  parietal  cell  population  with  the  level  of  gastric 
secretion  in  dogs  with  Heidenhain  pouches.  Surg.  Forum 
15:310,  1964. 

77.  Leconte,  P.  Cellule  17:307,  1900. 

78.  LEONARD,  A.S.,  LONG,  D.M.,  THOMAS,  F.,  WALDER,  A. I., 

PETER,  E.T.  and  WANGENSTEEN,  O.H.  Hypothalamic  influence 
on  gastric  mesenteric  blood  flow.  Surg.  Forum  13:280, 

1962  . 

79.  LeVEEN,  H.H.,  BOREK ,  B.,  AXELROD,  D.R.  and  JOHNSON,  A. 
Cause  and  treatment  of  diarrhea  following  resection  of 
the  small  intestine.  Surg.  Gyn.  Obst.  124:766,  1967. 


99 


80.  LIM,  R.K.S.  Quart.  J.  Exp.  Physiol.  13:79,  1922. 

81.  LIM,  R.K.S,  IVY,  A.C,  and  MCCARTHY,  J.E.  Contributions 
to  the  physiology  of  gastric  secretion.  I.  Gastric 
secretion  by  local  (mechanical  and  chemical)  stimulation. 
Quart.  J.  Exp.  Physiol.  15:13,  1925. 

82.  LIM,  R.K.S.  and  MOZER,  P.  Mechanism  of  excitation  of 
internal  secretion  of  pylorus  and  adenteric  reflex. 

Am.  J.  Physiol.  163:730,  1950. 

83.  LONG,  J.F.,  BROOKS,  F.P.  and  SANDWEISS,  D.J.  A  compari¬ 
son  of  fats  of  varying  saturation  as  inhibitors  of  canine 
gastric  secretion.  Gastroenterology  45:638,  1963. 

84.  MAKHLOUF,  G.M.,  McMANUS,  J.P.A.  and  CARD,  W.I.  Action  of 
gastrin  II  on  gastric  secretion  in  man.  In:  Gastrin. 
Proceedings  of  a  conference  held  in  September  1964  spon¬ 
sored  by  the  School  of  Medicine,  University  of  California, 
edited  by  M.I.  Grossman.  Berkeley  University  of  Califor¬ 
nia  Press  (No.  5  U.C.L.A.  Forum  in  Medical  Sciences), 

pp.  139-169,  1966. 

85.  MANN,  F.G.  and  WILLIAMSON,  C.S.  The  experimental  produc¬ 
tion  of  peptic  ulcer.  Ann.  Surg.  77:409-422,  1923. 

86.  MAUNG  PE  THEIN  and  SCHOFIELD,  B.  Release  of  gastrin  from 
the  pyloric  antrum  following  vagal  stimulation  by  sham 
feeding  in  dogs.  J.  Physiol.  (London)  148:291,  1959. 

87.  MENGUY,  R.B.  Mechanism  of  gastric  hypersecretion  in  dogs 
with  exclusion  of  bile  or  pancreatic  juice  from  the  small 
intestine.  Surg.  Forum  13:301,  1962. 

88.  MENGUY,  R.B.,  MASTERS,  Y.F.  and  GRYBOSKI ,  W.A.  Isolation 
of  a  gastric  inhibitor  substance  in  canine  gastric  juice. 
Surg.  Forum  14:951,  1963. 

89.  MENGUY,  R.B.  and  MINGS,  H.  The  role  of  pancreatic  and 
biliary  juices  in  regulation  of  gastric  secretion:  Patho¬ 
genesis  of  Mann-Williamson  ulcer.  Surgery  50:662,  1961. 

90.  MENGUY,  R.B.  and  PEISSNER,  L.  In  vivo  and  in  vitro 
effects  of  bile  salt  compounds  on  gastric  secretory 
activity.  Am.  J.  Dig.  Dis.  5:669,  1960. 

91.  MOORE,  F.D.  Metabolic  care  of  the  surgical  patient. 
Saunders  Philadelphia,  1959. 

92.  NICOLOFF,  D.M.  Relationship  of  bile  and  gastric  secretion. 
Surg.  Forum  17:329,  1966. 

93.  NYHUS ,  L.M.,  CHAPMAN,  N.D.,  DeVITO,  R.V.,  and  HARKINS, 

H.N.  The  control  of  gastrin  release.  Gastroenterology 
39:582,  1960. 


' 


* 


100 


94.  NYHUS ,  L.M.,  RHEAULT ,  M.J.  and  SEMB,  L.S.  The  effect  of 
antral  acidification  on  the  intestinal  phase  of  gastric 
secretion  in  the  Heidenhain  pouch  dogs.  Acta  Physiol. 
Scand.  65:11-19,  1965. 

95.  O'HARA,  R.S.,  FOX,  R.O.  and  COLE,  J.W.  Serotonin  release 
mediated  by  intraluminal  sucrose  solutions.  Surg.  Forum 
10:215,  1959. 

96.  OSBORNE,  M.P.,  FREDERICK,  P.L.,  SIZER,  J.S.,  BLAIR,  D., 
COLE,  P.  and  THUM,  W.  Mechanism  of  gastric  hypersecretion 
following  massive  intestinal  resection,  clinical  and 
experimental  observation.  Ann.  Surg.  164:622-634,  1966. 

97.  PAVLOV,  I.P.  and  SCHUMANN-SIMANOVSKAJA,  E.O.  Die  Inner¬ 
vation  der  Magendriisen  beim  Hunde.  Arch.  f.  Physiol. 

Leipz. ,  p.  53 ,  1895 . 

98.  PRESHAW,  R.M. ,  COOKE,  A. R.  and  GROSSMAN,  M.I.  Stimulation 
of  pancreatic  secretion  by  humoral  agent  from  pyloric 
gland  area  of  stomach.  Gastroenterology  49:617-622,  1965. 

99.  PRESHAW,  R.H.  and  FISCHER,  A.G.  Steatorrhoea  in  dogs 
induced  by  gastric  hypersecretion.  Surg.  Gyn.  Obst.  118: 
31,  1964. 

100.  RAGINS ,  H.,  LABAY,  B.  and  STATE,  D.  Observations  on  the 
pathway  of  exogenous  c!4  histamine  in  stimulating  gastric 
secretion.  J.A.M.A.  184:215,  1963. 

101.  RESNICK,  R.H.  and  GRAY,  S.J.  Distribution  of  serotonin 
(5  Hydroxy- tryptamine)  in  the  human  gastro-intestinal 
tract.  Gastroenterology  41:119,  1958. 

102.  RESNICK,  R.H.  and  GRAY,  S.J.  Chemical  and  histological 
demonstration  of  hydrochloric  acid-induced  release  of 
serotonin  from  intestinal  mucosa.  Gastroenterology  42: 

48,  1962. 

103.  REUL ,  G.J.  and  ELLISON,  E.H.  Effect  of  seventy-five  per 
cent  distal  small  bowel  resection  on  gastric  secretion. 

Am.  J.  Surg.  111:772,  1966. 

104.  SCHOFIELD,  B.,  REDFORD,  M. ,  GRABHAM,  A.H .  and  NUIAMI ,  K. 
Neural  factors  in  the  control  of  gastrin  release.  Symposium 
on  gastric  secretion  (Edmonton,  Alberta,  Canada) .  In  press. 

105.  SCHULTE,  W.J.  and  ELLISON,  E.H.  Heparin  suppression  of 
histamine-stimulated  gastric  secretion.  Surg.  Forum  16: 
311-312,  1965. 

106.  SHAY,  H.,  SUN,  D.C.H.  and  GRUENSTEIN,  M.  Effect  of  sero¬ 
tonin  and  reserpine  on  interdigestive  gastric  secretion 
in  the  rat.  Fed.  Proc.  16:118,  1957. 


■ 


101 


107.  SHAY,  H.,  SUN,  D.C.H.  and  GRUENSTEIN,  M.  Action  of 
psychoparmacologic  agents  on  interdigestive  gastric 
secretion  in  the  rat.  Proceedings  of  the  Third  World 
Congress  of  Gastroenterology,  1958.  Williams  and  Wilkins 
Co.,  Baltimore,  Volume  1,  p.  108,  1959. 

108.  SILLEN,  W.,  HEIN,  M.F.,  ALBO,  R.J0  and  HARPER,  H . A.  In¬ 
fluence  of  liver  upon  canine  gastric  secretion.  Surgery 
54:29-36,  1963. 

109.  SIRCUS,  W.  Effect  of  Bppyrimidine  on  gastric  secretion. 
Quart.  J.  Exp.  Physiol.  38:25-33,  1953. 

110.  SIRCUS,  W.  The  intestinal  phase  of  gastric  secretion. 
Quart.  J.  Exp.  Physiol.  38:91,  1953. 

111.  SIRCUS,  W.  Studies  on  the  mechanisms  in  the  duodenum 
inhibiting  gastric  secretion.  Quart.  J.  Exp.  Physiol. 
43:114,  1958. 

112.  SMITH,  A.N.  The  effect  of  5-hydroxy tryptamine  on  acid 
gastic  secretion.  In:  Lewis,  C.P.  (ed.):  5-hydroxy tryp¬ 
tamine,  pp.  183-190,  Pergamon  Press  Ltd.,  1958. 

113.  SMITH,  G.P.,  MASON,  J.W.  and  JACOBSEN,  E.D.  Fasting 
gastric  contents  in  conscious  Macaca  mulatta.  Am.  J. 
Physiol.  211:629-633,  1966. 

114.  STAHLGREN,  L.H.,  UMANA,  G. ,  ROY,  R.  and  DONNELLY,  J.  A 
study  of  intestinal  absorption  in  dogs  following  massive 
small  intestinal  resection  and  insertion  of  an  antiperi- 
staltic  segment.  Ann.  Surg.  156:483,  1962. 

115.  STASSOFF,  B.  Experimental  studies  of  compensatory  process 
after  resection  of  the  intestine.  Beitr.  Z.  Klin.  Chir. 
89:527,  1914. 

116.  STILL,  E.V.  Secretin.  Physiol.  Rev.  11:328,  1931. 

117.  STILL,  E.V.,  McBEAN ,  J.W.  and  RIES ,  F.A.  Studies  of  the 
physiology  of  secretin.  Am.  J.  Physiol.  99:94,  1931. 

118.  THOMPSON,  T.J.  Postgraduate  gastroenterology.  London, 
Balliere,  Tindall  and  Cassell,  p.  143,  1966. 

119.  THOMPSON,  J.C.,  LENNER,  H.J.,  TRAMONTANA,  J.A.  and  MILLER, 
J.H.  Range  of  action  of  heparin  in  suppressing  canine 
gastric  acid  secretion.  Surg.  Gyn.  Obst.  122:264-268, 

1966  . 

120.  THOMPSON,  J.C.,  TRAMONTANA,  J.A.,  LENNER,  J.H.  and 
STALLINGS,  J.O.  Physiologic  scope  of  the  antral  inhibi¬ 
tory  hormone.  Ann.  Surg.  156:550,  1962. 


T. 


k  *L  *YJJ3JIV5Ga  bns  .H  ,YOfl  *.o\aHAMU  ,  .K,,  I  vMFflEMEATS 


102 


121.  THOMPSON,  T.J.  and  GILLESPIE,  I.E.  Postgraduate  Gastro¬ 
enterology.  London,  Balliere,  Tindall  and  Cassell,  p.  136. 

122.  TRACY,  H.J.  and  GREGORY,  R.H.  Physiological  properties 
of  series  of  synthetic  peptides  structurally  related  to 
gastrin  I.  Nature  (London)  204:935-938,  1964. 

123.  UVNAS ,  B.  The  part  played  by  the  pyloric  region  in  the 
cephalic  phase  of  gastric  secretion.  Acta  Physiol. 

Scand.  4  (Suppl.  13),  1942. 

124.  UVNAS,  B.  Further  attempts  to  isolate  a  gastric  secre¬ 
tory  excitant  from  the  pyloric  mucosa  of  pigs.  Acta 
Physiol.  Scand.  9:296,  1945. 

125.  WARGEL,  A.G.  and  CALLENDER,  S.T.  Effect  of  gastrin  I  and 
II  on  secretion  of  intrinsic  factor.  Brit.  M.  J.  1: 

1409,  1965. 

126.  WEINSHELBAUM,  E.I.,  FRY,  W.A.  and  FERGUSON,  D.J.  Effect 
of  cortisone  on  histamine  ulceration  and  gastric  hyper¬ 
secretion.  Surg.  Gyn.  Obst.  122:105,  1966. 

127.  WESTERHEIDE,  R.L.,  ELLIOT,  D.W.  and  HARDACRE ,  J.M.  The 
potential  of  upper  small  bowel  in  regulating  acid  secre¬ 
tion.  Surgery  58:73,  1965. 

128.  WOLF,  A.  and  WOLFF,  H.G.  Human  gastric  function.  Oxford 
University  Press,  1943. 

129.  WOODWARD,  E.R.,  LYON,  E.J.,  LANDOR,  J.  and  DRAGS TE DT ,  L.R. 
The  physiology  of  the  gastric  antrum.  Gastroenterology 
27:766,  1954. 

130.  WOODWARD,  E.R.,  PARK,  C.L.  Jr.,  SCHAPIRO,  H.  and  DRAGSTEDT, 
L.R.  Significance  of  Meissner's  plexus  in  the  gastrin 
mechanism.  Arch.  Surg.  87:512,  1963. 

131.  WOODWARD,  E.R.,  ROBERTSON,  C.,  FRIED,  W.  and  SCHAPIRO,  H. 
Alcohol  as  a  gastric  secretory  stimulant.  Gastroenter¬ 
ology  32:727,  1957. 

132.  WOODWARD,  E.R.,  ROBERTSON,  C. ,  FRIED,  W.  and  SCHAPIRO,  H. 
Further  studies  on  the  isolated  gastric  antrum.  Gastro¬ 
enterology  32:868,  1957. 

133.  WOODWARD,  E.R.  and  SCHAPIRO,  H.  Effect  of  local  anaes¬ 
thesia  on  the  isolated  antrum  of  the  stomach  in  dogs. 

Am.  J.  Physiol.  192:479,  1958. 

134.  YAKIMETS,  W.W.  and  BONDAR,  G.F.  The  effect  of  complete 
thoracic  duct  lymph  diversion  on  gastric  secretion  in 
dogs.  Canad.  J.  Surg.  10:218-222,  1967. 

135.  YAKIMETS,  W.W.  and  BONDAR,  G.F.  Personal  communication. 


‘ 

: 


103 


APPENDIX  I 

MEAN  HEIDENHAIN  POUCH  SECRETION  AT  DIFFERENT  STAGES 

OF  GROUP  A  DOGS+ 


Control 

Period 

Sham 

Enterectomy 

Enterectomy 

Antrectomy 

§ 

Thoracotomy 

Lymph  ^ 

Diversion 

Lymph  ^ 

Reinfusion 

24-Hour  Fasting 

Volume 

11.4 

11.0 

12.2 

5.6 

i 

Free  Acid 

0.4 

0.3 

0.3 

0 

Total  Acid^ 

6.0 

6.0 

7.4 

2.0 

24-Hour  Post-Prandial 

Volume 

40.2 

39.1 

67.7 

16.8 

Free  Acid 

46.2 

42.5 

99.1 

24.8 

Total  Acid 

65.0 

60.8 

115.2 

50.4 

6-Hour  Fasting 

Volume 

3.88 

2.1 

2.7 

1.7 

Free  Acid 

16.00 

2.5 

42.6 

0 

Total  Acid 

58.20 

53.1 

101.4 

19.6 

6-Hour  Post-Prandial 

Volume 

8.9 

7.5 

18.5 

3.5 

3.4 

0.27 

0.51 

Free  Acid 

168.8 

142.9 

421.9 

13.1 

14.6 

0 

0 

Total  Acid 

278.0 

258.9 

527.9 

86.0 

98.2 

1.40 

4.10 

*  Volume  in  ml. 
t  Acid  in  mEq./L. 

+  Dogs  included  in  this  group  were  E806,  E807,  E945  ,  E973, 
E1102 ,  E112 5 ,  E1184 . 

§  During  thoracotomy  only  the  6-hour  post-prandial  Heidenhain 
pouch  secretion  was  performed. 

U  During  the  6-hour  post-prandial  Heidenhain  pouch  secretion 
with  lymph  diversion  and  reinfusion,  the  first  3  hours  were 
for  lymph  diversion  whereas  the  last  3  hours  for  lymph  reinfu¬ 
sion.  Thus,  the  data  for  Heidenhain  pouch  secretion  in  lymph 
diversion  and  lymph  reinfusion  was  mean  3-hour  secretion. 
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APPENDIX  II 

MEAN  HEIDENHAIN  POUCH  SECRETION  AT  DIFFERENT  STAGES 

OF  GROUP  B  DOGS+ 


>1 

>i 
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e  > 

6  -H 

0  0 

g 

G 

>i  0 

U  CM 

< 

W 

PT  Q 

« 

24-Hour  Fasting 
* 


Volume 

27.50 

23.00 

19.10 

j 

Free  Acid 

13.65 

0.85 

2.50 

Total  Acid+ 

27.25 

9.60 

17.95 

-Hour  Post-Prandial 

Volume 

139.8 

32.70 

41.15 

Free  Acid 

93.0 

16.45 

38.90 

Total  Acid 

113.8 

31.65 

57.70 

Hour  Fasting 

Volume 

10.1 

5.9 

6 . 6 

Free  Acid 

58.0 

17.8 

58.3 

Total  Acid 

131.0 

54.3 

127.9 

Hour  Post-Prandial 

Volume 

25.75 

9.2 

13.8 

0.43 

0.20 

Free  Acid 

390.30 

42.2 

188.1 

13.30 

0 

Total  Acid 

494.78 

98.2 

300.6 

22.17 

0 

*'  Volume  in  ml. 

t  Acid  in  mEq./L. 

+  Dogs  included  in  this  group  were*  E68,  E87,  E216,  E234,  E419, 
E470 ,  E885 ,  E940,  E1072,  E1113. 

IT  During  the  6-hour  post-prandial  Heidenhain  pouch  secretion 
with  lymph  diversion  and  reinfusion,  the  first  3  hours  were 
for  lymph  diversion  whereas  the  last  3  hours  for  lymph  reinfu¬ 
sion.  Thus,  the  data  for  Heidenhain  pouch  secretion  in  lymph 
diversion  and  lymph  reinfusion  was  mean  3-hour  secretion. 
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APPENDIX  III 

MEAN  HEIDENHAIN  POUCH  SECRETION  AT  DIFFERENT  STAGES 
OF  GROUP  B  DOGS+  WHICH  UNDERWENT  SHAM  OPERATIONS 


Control 

Period 

Antrectomy 

Sham 

Enterectomy 

Enterectomy 

§ 

Thoracotomy 

Lymph  ^ 

Diversion 

Lymph  f 

Reinfusion 

24-Hour  Fasting 

ic 

Volume 

20.5 

15.0 

15.0 

18.5 

Free  Acid^ 

10.2 

0 

0 

0 

Total  Acid+ 

15.2 

3.5 

1.5 

10.2 

24-Hour  Post-Prandial 

Volume 

57.5 

28.2 

27.2 

40.0 

• 

Free  Acid 

54.0 

11.0 

13.0 

22.2 

Total  Acid 

80.7 

28.0 

29.0 

49.7 

6-Hour  Fasting 

Volume 

2.7 

2.6 

1.7 

3.1 

Free  Acid 

33.0 

0 

0 

2.2 

Total  Acid 

93.9 

22.9 

19.9 

67.5 

6-Hour  Post-Prandial 

Volume 

15.8 

3.9 

4.4 

9.5 

9.6 

0.25 

0.14 

Free  Acid 

279.4 

0 

0 

227.6 

206.1 

0 

0 

Total  Acid 

408.8 

55.2 

64.9 

348.6 

344.8 

1.50 

0 

*  Volume  in  ml. 
t  Acid  in  mEq./L. 

+  Dogs  included  in  this  group  were  E1072,  E1113,  E940,  E880. 

§  During  thoracotomy  only  6-hour  post-prandial  Heidenhain 
pouch  secretion  was  performed. 

H  During  the  6-hour  post-prandial  Heidenhain  pouch  secretion 
with  lymph  diversion  and  reinfusion,  the  first  3  hours  were 
for  lymph  diversion,  whereas  the  last  3  hours  for  lymph  reinfu¬ 
sion.  Thus,  the  data  for  Heidenhain  pouch  secretion  in  lymph 
diversion  and  lymph  reinfusion  was  mean  3-hour  secretion. 
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APPENDIX  IV 

MEAN  HEIDENHAIN  POUCH  SECRETION  AT  DIFFERENT  STAGES 

OF  GROUP  C  DOGS+ 


Control 

Period 

Enterectomy 

Lymph  ^ 

Diversion 

Lymph  ^ 

Reinfusion 

24-Hour  Fasting 

Volume* 

15.62 

21.87 

Free  Acid^ 

0 

0 

Total  Acid+ 

3.25 

14.87 

24-Hour  Post-Prandial 

Volume 

24.75 

55.62 

Free  Acid 

25.00 

76.80 

Total  Acid 

50.25 

99.50 

6-Hour  Fasting 

Volume 

1.6 

4.70 

Free  Acid 

0 

130.10 

Total  Acid 

46.2 

244.20 

6-Hour  Post-Prandial 

Volume 

8.1 

19.80 

0.92 

8.2 

Free  Acid 

147.6 

512.90 

3.50 

165.4 

Total  Acid 

258.8 

611.86 

20.10 

248.5 

t  Acid  in  mEq./L. 

+  Dogs  included  in  this  group  were  E937,  E1001,  E1198,  E1284. 
if  During  the  6-hour  post-prandial  Heidenhain  pouch  secretion 
with  lymph  diversion  and  reinfusion,  the  first  3  hours  were 
for  lymph  diversion,  whereas  the  last  3  hours  for  lymph  reinfu¬ 
sion.  Thus,  the  data  for  Heidenhain  pouch  secretion  in  lymph 
diversion  and  lymph  reinfusion  was  mean  3-hour  secretion. 
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